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(57) Abstract 

The present invention provides novel compounds of formula 0) wherein R is selected from the group consisting of R2, R2NH-, or 
H2N-R3- wherein R2 is selected from the group consisting of Ci-Cs alkyl and formula (II), wherein Z is selected from the group consisting 
of phenyl, heterocycle and cycloalkyl, each R4 is independently hydrogen or C1-C4 alkyl, and n is an integer 1-8; wherein each Ci-Cs 
alkyl and Z is optionally substituted with 1 to 3 substitucnts, which may be the same or different, selected from the group consisting of 
Hai. OH, and C1-C4 alkyl; R3 is Ci-Cs alkylene; and Rl is selected from the group consisting of cyclopcntyl and isopropyl, and the 
pharmaceuticaliy acceptable salts, optical isomers, and hydrates thereof. In addition, the present invention provides a method of inhibiting 
cell cycle progression. More specifically, the present invention provides a method of inhibiting cyclin dependent kinases, particularly cdk-2. 
The present invention also provides a method of preventing apoptosis in neuronal cells and a method of inhibiting the development of 
neoplasms. In addition, the present invention provides a composition comprising an assayablc amount of a compound of formula (!) in 
admixture or otherwise in association with an inert carrier. The present invention also provides a pharmaceutical composition comprising 
an effective inhibitory amount of a compound of formula (I) in admixture or otherwise in association with one or more pharmaceuticaliy 
acceptable carriers or excipients. 
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5 6,9-DISUBSTITUTED2-rTRANS-(4-ANDNOCYCLOHEXYL)AMIN01PURINES 

The present invention relates to 6»9-disubstituted 2-[trans-(4-anunocyclohexyl)amino]- 
purines and methods of using the same for antineoplastic agents or for treatment for neuronal 
injury and degeneration, 

BACKGROUND OF THE INVENTION 

10 Cell division^ in both normal and neoplastic cells, is a tightly controlled event which 

occurs by defined stages. Quiescent cells which are not actively dividing, are in the Gq phase, 
as are those terminally differentiated or in a state of temporary arrest. The first phase is the 
first gap (Gj) phase during which the cell prepares to synthesize DNA. In late phase at what 
is termed a restriction point or R point, the cell commits to entering S phase during which DNA 

15 synthesis occurs. Upon completion of S phase, the cell enters the second gap (Gj) phase during 
which the cell prepares to divide, which is followed by mitosis, or M phase. 

Initial experiments in cell cycle regulation revealed the existence of a protein called 
"Maturation Promoting Factor" (MPF), a heterodimer with kinase activity. Later, comparison 
of subsequently identified proteins and their underlying genes revealed a family of yeast genes 

20 known as cell division control (cdc) genes. • Further experiments demonstrated that some of the 
cdc genes encode kinases, and were later called cyclin-dependent kinases (cdks). As the result 
of this reclassification, some cell cycle proteins have dual designations, such as cdkl which is 
also known as cdc2. The kinase component of the MPF is now identified as p34''*^ and the 
regulatory subunit of MPF is now called cyclin B. Cyclins were furst identified as proteins 

25 whose levels oscillated during the cell cycle and were specifically degraded at mitosis. To 
date, animal cyclins A-I and cdks 1-8 have been identified. To further complicate 
nomenclature, subtypes of cyclins and cdks have been identified, such as cyclins B 1 and B2. 

Subsequent research on cell regulation has demonsurated that the stages of cellular 
division are achieved in part by modulation cyclins and cyclin-dependent kinases (cdks). 

30 Cyclins sequentially regulate cdks and are characterized by a 100 amino acid homology region 
termed the "cyclin box" which is involved in binding a protein kinase partner. Cdks are closely 
related in sequence and size (35-40 kDa) and are defined as protein kinases activated by bound 
cyclin regulatory subunits. Cdks contain a conserved active-site cleft of approximately 300 

II ■ ■ , . ■ 
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amino acids that is characteristic of all eukaryotic protein kinases. Thus, both the cyclins and 
-cdks appear-to be highly-conserved protein.fartiilies.- 



Isolation of individual cyclins and cdks has enabled further identification of the roles 
and interactions of each component in cell cycle phase transitions. Excess levels of cdks . . 
5 persist throughout the cell cycle. Activation.of cdks occurs upon cyclin synthesis and binding , 
to the catalyac c'dk subunit, thcTesult of which is stimulation of this cdk serine/threonine 
kinase activity. Complete cdk activation requires phosphorylation on a conserved threonine 
residue located in the T-loop by a'cycliri-dependent kinase activating kinase (GAK^which is ■ 
itself a cdk/cyciin complex composed of cyclin H and cdk7, and a third protein of about 32 

10 ■ :kDa. • / • 

Inactivation of the cdk-cyclin complex can result from the phosphorylation of a 
threonine and/or tyrosine residue in the ATP-binding site of the cdk' or from binding of one of a 
number of endogenous inhibitor proteins. 

In G, phase, D-type cycUns bind to several different cdks, including cdk2, cdk4, cdk5 

15 and cdk6i but are most commonly associated with cdk4 and cdk6. D-type cyclins are thought to 
act as growth factor sensors, which link cell cycle progression to external cues. Cyclin E-cdk2 
complexes appear in the mammalian cell cycle after the . Drtype cyclin-cdk complexes. Cyclin 
E synthesis is tightly regulated and occurs in late G , and early S phase. The cyclin E-cdk2 
complex is essential for the cell to begin DN A replication. 

20 The Gi cyclins, cyclin D and cyclin E, are transiently produced proteins, with a half-life 

of about 20 minutes. The short half-life is thought to result from a PEST sequence in the G- 

terminal regions of these proteins, the degradation of which appears, to be mediated by the 

ubiquitination pathway. 

The G2 cycliiis, cyclin A and cyclin B, are stable throughout interphase and specifically 

25 destroyed at mitosis through an ubiquitination pathway. Both cyclin A and cyclin B2 appear to 
' be degraded only when complexed with their cdk partner [cyclinA-cdk2 and cyclin A/B- 
cdkl(cdc2)]. However, cyclin B I destruction is connected with the integrity of the mitotic 
^p^atus^t^end of met^hase- If^tbelpindle is inco"rrec'tl>r^sembled, olFchiotno^otnes"": 
incorrectly aligned, then cyclin B I destruction is prevented. 
30 . Retinoblastoma protein (Rb), a 105 kDa nuclear phosphoprotein, is a substrate of . 

cyclin-cdk complexes of .cdks-2, 4 and 6 in Gj phase and functions as one of the major 
checkpoint controls in the cell cycle via carefully orchestrated phosphorylation and 
dephosphorylation. In Gq/G,, Rb exists in a hypophosphorylated state. As the cell progresses 
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into late Rb becomes hyperphosphorylated by D-cyclin complexes, which inactivates Rb 
and drives the cell into S phase resulting in cell cycle progression and cell division. This state - 
of hyperphosphorylation of Rb remains in G2. During late M phase, Rb is dephosphorylated, 
thus returning to the hypophosphorylated state. Phosphorylation of the Rb protein alters its 
5 binding characteristics; in the hypophosphorylated state, Rb binds to and sequesters specific 
transcription factors, such as E2F, the binding of which prevents the exit from the Gi phase. ' 
Once cdks hyperphosphoryiate Rb, the transcription factors are released which can then 
activate transcription of genes necessary for S phase progression, for example, thymdine 
kinase, myc, /«v^, dihydrofolate reductase, and DN A polymerase-a. 

10 Localization of cyclin-CDK complexes is also very suggestive about the role each 

complex plays in the pathway. Nuclear cyciins A and E bind to pi 07 and pi 30, possibly : 
because they are in the nucleus. Manmialian cyclin B 1 accumulates in the cytoplasm in Gj 
phase and translocates into the nucleus at the beginning of mitosis. Cyclih B associates with' 
the spindle apparatus, in particular with the spindle caps, and it is thought that the cyclin B- 

15 cdc2 kinase may be involved in the formation of the spindle through phosphorylating 

components of the mitotic apparatus. In addition, cyclin B l is part of a feedback mechanism 
ensuring correct assembly of the metaiphase mitotic apparatus. Human cyclin B2 is almost 
exclusively associated with the membrane compartment, and in particular the Golgi apparatus. 
Cyclin B2-cdc2 is involved in the disassembly of the Golgi apparatus when cells enter mitosis. 

20 Cdc2-cyclin B kinase is a key mitotic factor which appears to be highly conserved and 

is thought to be involved in cell cycle transitions in all eukaryotic cells. Histone HI is a 
substrate for cdc2-cyclin B; histone HI is selectively phosphorylated on specific sites in 
mitosis, which is thought to be important for chromatin condensation. The cdc2-cyclin B 
complex also phosphorylates lamin, which is responsible for nuclear lamina breakdown. The 

25 nuclear lamina is made up of a polymer of lamin subunits that are hyperphosphorylated at 
mitosis, and this phosphorylation is responsible for their disassembly. Lamins are part of the 
intermediate filament family of proteins, and cdc2-cyclin B phosphorylates a subset of the sites 
phosphorylated at mitosis on the cytoplasmic intermediate filament subunits, vimentin and 
desmin. Thus, the cdc2-cyclin B complex is involved in the reorganization of the cell 

30 architecture at mitosis. 

In addition, cdc2-cyclin B is involved in the reorganization of microfilaments, through 
phosphorylation of non-muscle caldesmon, an 83 kDa protein that binds to actin arid 
calmodulin, and inhibits actomyosin ATPase activity. At mitosis, caldesmon is phosphorylated 
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by cdc2-cyclin B, which weakens, its affinity for actin and causes it to dissociate from 
-mierofilaments.- 



Cdc2-cyclin B is implicated in actomyosin filament regulation, by phosphorylating the 
myosin in the contractile ring, which divides the cell into two (cytokinesis). In metaphase, the 
5 myosin II regulatory light chain (MLC) is phosphorylated on two main sites at the N-terminus. 
Once phosphorylated; the myosin is prevented from interacting with actin. At anaphase, these 
two sites are dephosphorylated. , • 

' Cdc2-cyclin b' also plays a role in reorganization of the membrane compartment at .. . .. 
mitosis. For example. cdc2-cyclin B phosphorylates rabl Ap and rab4p. When.rab4p is . ■ 
10 phophorylated by cdc2-cyclin B , it dissociates from the membrane compartment. 

. . At iiutosis, most forms of transcription are inhibited. Again. cdc2-cyclinB plays a role , 
in inhibition of pol ni-mediated transcription by phosphorylating THIB. Given that pol I, pol 
n and pol ffl-mediated transcription share several common factors, such as TATA-binding 
protein (TB A), it is likely that cdc2-cycUn B is involved in down-regulating all forms of . . . 

15 transcription at mitosis. , . 

Given the importance of cyclin/cdk complexes in triggering cell cycle division, they are 

under tight regulatory mechanisms, Since their initial discovery, cyclins and cdks have been 
shown to interact with other transcription factors and proteins involved in a broad range, of 

cellular pathways. ^ Cdk7 has been identified as a component iii transcription factor IIH 
20 (TFIIH), which contains the RNA polymerase II C-terminal domain (CTD) kinase, activity. . 
More recently. cdk8 which partners with cyclin C, has also been discovered to phosphorylate 
the CTD of RNA polymerase U, but does not appear to possess CAK activity. Thus, it is clear 
that cdks participate in a broad range of cellular functions in addition to cell cycle regulation. 
CDK-inhibitor proteins (GDIs) are small proteins that bind and inactivate specific cyclih-CDK 
25 complexes, or moniiieric CDKs. .These inhibitors can be grouped into two families based on 
sequence and functional similarities: TheINK4 family includes pl5'^'^^^ pie'^'^*. pl8 and pl9 

which specifically bin d cdk4 a n d cdk6. ■ p l6'"'^>d pl S'""^^^ contain four ankyrin repea ts and. 

"T" in addUion to sharing signifiwnt homologyTaitTncoded by adjacent genes.on t&:9pl2Toclisr- 
High cellular levels of p 16 results in inactivation of cdk4 because p 1 6 binds cyclinD- 
30 .cdk4 and cyclin D-cdk6 complexes. The gene for pi 6'^''^ (MTSl) is recognized as a potential 
mmor suppressor gene, as it is rearranged, deleted or mutated in a large number of tumor cell 
lines, and in some primary tumors. In one study of hereditary melanoma, about half the 
familieshadgermlinemutationsinthepie'^'^^gene. Rbisarcprcssorof pl6•^*^^. Inactivation 
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of cellular Rb, either by mutation or viral antigens; correlates with increased levels of pi6'^^^ 
?\6^^\ pl5^^'^'*^ and pl8 inhibit binding of cyciin D with cdk4 and cdk6. 

The second family of GDIs is the Kip/Cip family which. includes p2l<='p''^^f'-\ p27'^P' 
andp57'^P^ p27^^' is present 'in proliferating cells in a iatent or masked form. Upon ■ ,; 
5 stimulation, p27*^'*' is unmasked and binds to and inhibits cyclin-CDK4/6 complexes. The 
Kip/Cip family proteins have strong homology in the N-terminus, the region that binds the 
cyclin-cdk complexes. The Kip/Cip family proteins preferentially bind to and inhibits cyciin- . 
cdk complexes involved in the Gj and S phase complexes over those involved in the M phase. 
P2l (also known as WAFl, Cipl and Sdil) is induced by p53 and forms a ternary 

10 complex with proliferating cell nuclear antigen (PCNA), a subunit of DNA polymerase 5 in 
several cyclin-CDK2 complexes, including cyclins A, Dl and E. P21^'^^'^ expression in - ' 
growing, quiescent and senescent cells correlates with a role as a negative regulator of S phase 
entry. P21^'^'''' niRN A is upregulated as cells become senescent or quiescent, and after serum 
stimulation of quiescent ceils, and decreases as cells enter S phase. p2 1 inactivates cyciin E- 

15 cdk2. cyciin A-cdk2, and cyclins D1-,D2- and D3-cdk4 complexes. 

Genetic analysis of numerous human tumors reveals a disproportionate numer "of altered 
cell cycle proteins, and it is this aberration that is thought to cause abnormal cell cycle. For ' 
example, cyciin Dl is the bcl-1/PRADl proto-oncogene that is either overexpressed or 
deregulated in a variety of human tumors. The cyciin Dl/CCNDl gene, located at chromosome 

20 liq 13, is amplified in a number of cancers, mainly breast and non-small cell lung carcinomas. 
This correlates with the observation that overexpression.of cyciin Dl is a commori feature in 
the tumors with this specific 1 lql3 amplicon. The gene for p 16 is rearranged, deleted or • 
mutated in a large number of tumour cell lines, and in some primary tumours. Mutations in 
cdk4, specifically ah Arg24Cys mutation; has been identified in two unrelated hereditary 

25 melanoma families. This mutation was found in L 1/1 1 of the melanoma patients, 2/17 - ■ 
unaffecteds and 0/5 spouses (Zuo, L., et al., Nature Genetics 12 1996:97-99). This mutation 
has a specific effect on the pi 6^^*^**^ binding domain of cdk4, but has no affect on the ability' to 
bind to cyciin D and form a functional kinase! As a result of this mutation, the cyciin" D/cdk4 - 
complex is resistant to normal physiological' inhibition by pl6"^^*^ Other studies have 

30 demonstrated that about half the familial melanoma kindreds show evidence of linkage to the 
region of chromosome'9p21 that contains the pi 6^'^'^'*'' gene. The types of pi 6^^'^'*^ mutations ' 
identified include a nonsense mutation, splice donor mutation, an unidentified mutation that 
prevents pl6"^'^'*^ transcription, and 3 missense mutants that are unable to bind to cdk4 or cdk6. 
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Overexpression of cdk4 as a result of gene amplification has been identified in a study of 32 
glionia celHines CHerJrret-ai- Cancer Resr 54:58Q4^5 

among the ten cases having intact p 1 6 genes. Genetic analysis ofglioma cell lines revealed 
that 24 of 32 glioma cell lines had one of two alternative genetic alterations, each of which 
indicates that increased cdk4 kinase activity is important to glial tumor development. Cdk4 
maps to the long arm of chromosome 12 and is found overexpressed in certain tumors because 
of its amplificiation as a component of an amplicon that includes other relevant genes, such as 
SAS and MDM2. All of the above conditions lead to activation of cdk4. Overexpression. of 
cyclins B 1 and E in leukemic and solid tumor cell lines, as well as altered patterns of cyclin E 
expression in breast cancer has also been reported. 

Cellular hyperproliferation occurs in a number of disease states. The most common 
hyperproliferative diseases are neoplasms, which are typically named according to the original 
source of the hyperproliferative tissue. Neoplasms are defined as new growths, of animal or 
plant tissue that resemble more or less the tissue from which it arises, but serve no physiologic 
function, and are benign, potentially; malignant or malignant in character. Neoplasms arise as 
the result of loss of normal controls, leading to unregulated growth. Neoplastic cells may lack 
differentiation and acquire the ability to invade local tissues and metastasize. Neoplasms may. 
develop in any type of tissue of any organ at any age. The incidence, and mortality rate, of 
neoplasms generally increases. with age, with. certain neoplasms having peak incidence^ 
between the ages of 60 and 80 (e.g. prostate, stomach and colon). However, other neoplasms 
have a peak incidence from birth to 10 years of age (e.g.. acute lymphoblastic leukemia). Diet, 
exposure to carcinogens, particularly use of tobacco, and familial predispositions also affect 
incidence of particular neoplasms. 

Neoplastic cells differ from normal cells in a number of important aspects, including 
loss of differentiation, increased invasiveness and decreased drug sensitivity. Another 
important difference is the unchecked growth of cells, which is thought to result from loss of 
norma l cellula r control m echanisms of these cells are either d eactivated, bypassed or otherwi<ie 
disregarded, leaving the neoplastic cells to proliferate without regard to the normal controlling 
mechanisms. Neoplasm is an abnormal mass of tissue, the growth, of which exceeds and is 
uncoordinated with that of the normal tissue, and persists in the same excessive manner after 
cessation of the stimuli which evoked the change. 

Neoplasms are classified as either benign or malignant. Benign neoplasms exhibit 
slow, localized, growth that, is usually circumscribed due to tiieir encapsulation by a fibrous - . ^ 
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connective tissue capsule. Whereas- benign neoplasnis rarely cause the death of the organism, 
untreated malignant neoplasms have a high probability of killing the organism. Malignant 
neoplasms are generally nonencapsulated/and usually exhibit a more rapid growth rate. . 
Malignant neoplasms often invade surrounding tissues and vessel and spread to distant body 
sites. Malignant neoplasms are generically described as "cancer" or as "tumors"; the latter term 
denotes swelling. 

Myeloproliferative disorders are a group of disorders characterized by abnormal . 
proliferation by one or more hematopoietic cell lines or connective tissue elements.. Four, 
disorders are normally included as myeloproliferative disorders: polycythemia vera (primary 
polycythemia; Vaquez' Disease), myelofibrosis (agnogenic myeloid metaplasia), chronic 
myelogenous leukemia and primary (essential) thrombocythemia. Acute leukemia, especially 
erythroleukemia, and paroxysmal nocternai hemoglobinuria are also classified as- - 
myeloproUferative disorders. Each of these disorders is identified according to its predominant 
feamre or site of proliferation. Although each results from.proliferation of different cells, each 
has been shown to be caused by a clonal proliferation arising at the level of a pluripotent stem 
cell, which causes varying degrees of abnormal proliferation of erythroid, myeloid, and. - - . 
megakaryocytic precursors in the bone marrow. All myeloproliferative disorders have a' 
tendency to terminate in acute leukemia. * 

Leukemias are malignant neoplasms of the blood-forming tissues. At least two viruses 
are associated with causing leukemias in humans. The Epstein-Ban- virus is associated with ; 
Burkitt's lymphoma and the human T-cell lymphotropic virus, also called human acute 
leukemia/lymphoma virus (HTLV-1) has been Unked to some Tcellleukemias and ' . ; 
lymphomas. Exposure, especially prolonged exposure to chemical agents, such as benzene and 
some antineoplastics, or to ionizing radiation, genetic predisposition (e.g. Down's syndrome) ' 
and some familial disorders (e.g. Fanconi's anemia) result in. predispositions to leukemias.^ ■ 

Development of leukemias appears to occur through a single cell cycle through two or 
more steps with subsequent proliferation and clonal expansion. Leukemias are currently - - 
classified according to their cellular maturity; acute leukemias are predominantly : ' 
undifferentiated cell populations and chronic leukemias are more mature cell forms. ■ Acute - 
leukemias are further divided into lymphoblastic (ALL, also known as acute lymphocytic 
leukemia) and myeloid (AML, also known as acute myelocytic, myelogenous, myeloblastic,- ^ ' 
myelomonoblastic) types. They may be further 'classified by morphologic and cytochemical ■ ■ 
appearance according to the French-American-British (FAB) classification or according to type 
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and degree of differenUation.. Chronic leukemias are.classified as either lymphocytic (CLL) or 
Tnyelocytic (eMi:)refcI^is characterized'by-the-appearance otmatu 



biood, bone marrow and lymphoid organs; CML is characterized by the predominance of 
granulocytic cells of all stages of differentiation in blood, bone marrow, liver, spleen and other . 

5 .organs, -■ ■ ^ . . 

Myelodysplastic Syndrome (MDS) is characterized as a clonal proliferative disorder in 
which a normal or hypercellular bone marrow is associated with anemia and dysmyelopoiesis. 
Hemapoietic cells which may pfohferate include erythroid; myeloid and megakaryocytic - : - 
forms. MDS is a relatively new designation of group of disorders known as - ; 

10 Preleukemia, Refractory Anemias, Ph-Chromosome-Negative Chronic Myelocytic Leukemia, 
Chronic Myelomonocytic Leukemia and Agnogenic Myeloid Metaplasia. The FAB system 
provides further classification of Myelofibrosis. 

Lymphomas are a heterogeneous group of neoplasms arising in the reticuloendothelial 
and lymphatic systems. The major types of lymphomas are Hodgkin's disease and non. 
15 Hodgkin's lymphoma, as well as the rarer Burkitt's lymphoma and mycosis fungoides. ■ 
Hodgkin' s disease is a chronic disease with lymphoreticular proliferation of unknown cause 
that may present in localized or disseminated form, and is further classified according to four 
histopathologic profiles. Non-Hodgkin's lymphomas are a heterogeneous group Of 
■ diseases consisting of neoplastic proliferation of lymphoid cells that usually disseminate- 
20 throughout the body. The former terras, lymphosarcoma and reticulum cell sarcoma, are now 
being replaced with terms that reflect that ceil of origin and biology of the disease. The 

Rappaport classification is based on the histopathology; on the degree of the differentiatioh.of 
the tumor; and on whether the growth pattern is diffuse or nodular. The Lukes and Collins, 
classification is based upon the cell of origin, specifically whether it is T cell or B cell derived, 
25 . histiocytic (or monocytic) origin or. unclassifiable. The International Panel Working • 

Formulation of the National Caiicer Institute categorizes non-Hodgkin's lymphomas using.the 

above clas sificat ions . _ ;. ■ ■ ' 

Burkitt's lymphoma.is a highly undifferentiated B cell lymphoma that tends to involve 
sites other than the lymph nodes and reticulendoethlial system. Burkitt's lymphoma, unlike 

30 other lymphomas, has a specific geographic distribution, which suggests an unidentified insect 
vector and an infectious agent; Evidence points to the herpes like Epstein-Barr virus. 

Mycosis fungoides is an unconunon chronic T cell lymphoma prirnarily affecting the , 

skin and occasionally internal organs. . ,t ; 
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Plasma ceil dyscrasias (PCDs), or monoclonal gammopathy. are disorders characterized 
by the disproportionate proliferation of one clone of cells normally engaged in immunoglobulin 
(Ig) synthesis, and the presence of a structurally and electrophoreticaily homogeneous IG or 
polypeptide subunit in serum or urine. The' disorders may be primarily asymptomatic to « 
5 progressive, overt neoplasms (e.g., multiple myeloma). The disorder results from 

disproportionate proliferation of one clone producing a specific Ig: IgG, IgM, IgA, IgD or IgE. 

Multiple myelomai also known as plasma cell myeloma or myelomatosis, is a I 
progressive neoplastic disease characterized by marrow plasma cell tumors and overproduction 
of an intact monoclonal Ig (IgG, IgA, IgD or IgE) or Bence Jones protein, which is free j 
10 monoclonal K or A, light chains. Diffuse osteoporosis or discrete osteolytic lesions arise dub to 
replacement by expanding plasma cell tumors or a osteoclast-activating factor secreted by ' 
malignant plasma cells. ' ' 

Macroglobulinemia, or primary or Waldenstrom's macroglobulinemia, is a plasma cell 
dyscrasia involving B cells' that normally synthesize and secrete IgM. Macrogolbulinemia is 
15 distinct from myeloma and other PCDs, and resembles a lymphomatous disease. Many 

patients have symptoms of hyperviscosity, fatigue, weakness, skin and mucosal bleeding and 
so forth. ' ' .... 

Heavy chain diseases are neoplastic plasma cell dyscrasias characterized by the " 
overproduction of homogenous % ot, [i, and 5 Ig heavy chains. These disorders resuh in ' 
20 incomplete monoclonal Igs. The chnical picture is more like lymphoma than multiple 
myeloma. . . .. . . • 

Hypersplenism is a syndrome in which circulating cytopenia is associated with 
splenomegaly. Treatment of patients witl\hypersplenism requires therapy for the underlying 
disease, not splenectomy: Lymphoproliferative and myeloproliferative diseases are some; but 
25 not the sole, causes of hypersplenisni. Myeloproliferative disorders causing hypersplenism 
include polycythemia vera, myelofibrosis with myeloid metaplasia, chronic myelogenous 
leukemia and essential thrombocythemia. Chronic lymphocytic leukemia and the lymphomas 
(including Hodgkiri's disease) are specific lymphoproliferative disorders that may cause- ' ' 
hypersplenism'. : " • ' . ' • - ... : . - / 

30 Lung tissue is the site for both benign and malignant primary tumors, as well as the site 

of metastasis from cancers of many other organs and tissues. Cigarette smoking causes an 
overwhelming percentage of lung cancers', estimated at over ninety percent of the cases in men 
and about seventy percent of the cases in women. Exposure to occupational agerits'such as *' 
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asbestos, radiation, arsenic, chromates, nickel, chJoromethyl ethers, poison gas, and coke oven 

— ~ emissions is aiso'associated with-lung cancerr-The most-eonim — ^ 

squamous cell, small and large cell and adenocarcinoma. 

About ninety-five percent of the stomach cancers are carcinoma; less common are 
5 lymphomas and leiomyosarcomas. Gastric carcinomas are classified according to gross 

appearance; protruding, penetrating (the tumor has a sharp, well-circumscribed border and may 
. be ulcerated)- and spreading or miscellaneous, which has characteristics of two of the other * 
types." ■ \.. ' ' - ■ ' ■■■ ' '\' - 

Pancreatic cancers may be exocrine tumors, which are mostly adenocarcinomas arising 
10 from duct cells irather than the acinar cells, or endocrine tumors, which include insulinoama. 
Gastrin-producing pancreatic tumors involving cells.of the non-^-type or.in the duodenal wall 
can cause ZoUinger-Ellison Syndrome, a syndrome marked by hypergastrinemeia. Sometimes 
other endocrine abnormalities, particularly with the parathyroids, or pituitary and adrenal 
glands cause a polyglandular disorder known as multiple endocring neoplasia (NIEN^ Non-p 
15 islet cell tumors may cause a syndrome known as Vipoma Syndrome, which is characterized by 
prolonged massive, watery diarrhea. 

Neoplasms of the bowel include tumors of the small intestine, tumors of the large 
intestine, and cancer of the colon and rectum. Benign small intestine tumors may-arise from 
jejunal and ileal neoplasms, including leiomyomas, lipomas, neurofibromas, and fibromas. 
20 Malignant small intestine tumors, such as adenocarcinomas, are unconimon, and typically arise 
in the proximal jejunum. Patients with Crohn's disease of the small intestine are more prone to 
such adenocarcinomas "rather than patients with Crohn' s disease of the colon. In patients with 
Crohn' s disease, the tiimors tend to occur .distally in the bypassed or inflamed loops of the 
bowel. Carcinoid tumors typically arise in the small bowel, especially the ileum, and in about 
25 half the cases, multiple tumors exist. Kaposi's sarcoma, which occurs frequently in transplant 
recipients and AIDS patients, have gastrointestinal involvement in about half the cases. 
^ -,1- Lesions may occur-any where:in-the-GLtract,-but are.usually„foundin,the,stomach,:sma^ 
. intestine, or distal colon. - 

Tumors of the large bowel include polyps of the colon and rectum: Polyps are a mass 
30 , of tissue that arises from the bowel wall and protrudes into the lumen. Polyps are classified on 
the basis of their histology, as tubular adenomas, tubulovillous adenomas, villous adenomas, 
hyperplastic polyps, hamartomas, juvenile polyps, polypoid carcinomas, pseudopolyps,' 
lippmas, leiomyomas and even rarer tumors'. 
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Malignant tumors may also arise in the anorectum. These are epidermoid (squamous 
cells) carcinoma of the anorectum which comprise about three to five percent of rectal and anal 
cancers. 

In Western countries, cancer of the colon and rectum are second to lung cancer in 
5 accounting for more new cases each year. In the USA, aobut 75,000 people died of these ... 
cancers in 1989; about 70 % occurred in the rectum and sigmoid colon, and 95% were 
adenocarcinomas. , . , ..... ; 

Neoplasms of the liver include benign neoplasms, which are relatively common but 
often undetected, and malignant neoplasms. Hepatocellular adenoma is the most important 

10 benign liver neoplasm. Asymptomatic small hemangiomas occur in one to five percent of 
adults. Bile duct adenomas and other mesenchymal neoplasms also occur, but are relatively 
rare. Malignant neoplasms of the liver are the most common form of hepatic tumor, and the - 
liver is a frequent site of bloodbome metastases, usually from lung, breast, colon, pancreas and 
stomach primary tumors.., The incidence of hepatocellular carcinoma is linked with chronic 

15 hepatitis B virus in certain parts of Africa and Southeast Asia. In North America, Europe and 
other areas of low prevalence, most of the patients have underiying cirrhosis. Fibrolameliar 
carcinoma is a distant,variant of hepatocellular carcinoma with characteristic morphology of 
malignant hepatocytes enmeshed in lamellar fibrous tissue. Fibrolameliar carcinoma usually . 
affects relatively young adults,. and has no association with preexisting cirrhosis, chronic 

20 hepatitis B virus infection or other known risk factors. Other primary malignancies of the liver 
include cholangiocarcinoma (a tumor arising from intrahepatic biliary epithelium), 
hepatoblastoma (which is one of the most common cancers in infants) and angiosarcoma 
(which is associated with industrial exposure to vinyl chloride). Leukemia and related 
disorders may involve hepatic tissues, thought to be the result of infiltration with abnormal 

25 cells. 

Multiple Endocrine Neoplasia (MEN).Syndromes are a group of genetically distinct . 
familial diseases involving adenomatous hyperplasia and malignant tumor forrnatipn in several 
endocrine glands. Three distinct syndromes have been identified. Type I (MEN-I) is 
characterized by tumors of the parathyroid glands, pancreatic islets, and the pituitary. Type II 
30 (MEN-II) is characterized by medullary carcinoma of the thyroid, pheochromocytoma and 
hperparthyroidism. Type III (MEN-III) is characterized by multiple mucosal neuromas, 
medullary carcinoma of the thyroid, and pheochromocytoma. 

Carcinoid syndrome is usually caused by metastatic intestinal, carcinoid tumors that , 
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secrete excessive amount of vasoactive substances, including serotonin, bradykinin, iiistamine, 
-prostaglandins and polypeptide.hormones.^AbrLomalievelspfihe^^^ 
of symptoms, often episodic cutantcous flushing, cyanosis, abdominal cramps, diarrhea, and 

valvular heart disease. 

Neoplasmsof the bone andjoints may be benign or malignant. Benign tumors of the 

bone include osteochondromas (osteocartilaginous exostoses), which are the most common 
benign bone tumors in children between ages 10 to 20. benign chondromas (which are located 
within the bone), which occur most commonly in children and young adults between the ages, 
10 to 30, chondroblastoma (which arises in an epiphysis), which is rare, but most common in 
children between the ages of 10 to 20, chondromyxofibromas, osteoid osteoma, giant cell 
tumors and fibromaious lesions. Primary malignant tumors of the bone include osteogenic 
sarcoma (osteosarcoma), which is the second most commoii primary bone tumor, 
fibrosarcomas, malignant fibrous histiocytoma, chondrosarcomas, mesenchymal 
chondrosarcoma, Ewing's tumor (Ewing's sarcoma), malignant lymphoma of bone, multiple 
myeloma, and malignant giant cell tumor. 

Primary cancers of other tissues may metastasize to bone tissue. The most common are 
carcinomas arising in the breast, lung, prostate, kidney, and thyroid. 

Central nervous system (CNS) neoplasms are generally classified according to the 
organ. Primary inttacranial neoplasms are subdivided into six classes: tumors of (1) the skull; 
(2) the meninges; (3) the cranial nerves; (4) the neuroglia and ependyma; (5) pituitary or pineal 
gland; and (6) those of congenital origin. Skull neoplasms include osteoma, hemangioma, 
granuloma, xanthoma, and osteitis deformans. The meninges neoplasms include meningioma, 
sarcoma, and glomatosis. The cranial nerve neoplasms include glioma of the optic nerve, and 
schwannoma of the 8th and 5th cranial nerves. The neuroglia neoplasms include gliomas and 
ependymomas. The pituitary or pineal body neoplasms include pituitary adenoma and 
pinealoma. The congenital origin neoplams include craniopharyngioma, chordoma, 
germinoma, teratoma, dermoid cyst, agioma and hemangioblastoma. 

Spinal cord neoplasms are lesions that compress the spinal cord or its roots, arising 
.from the cord parenchyma, roots, meninges, or vertebrae. Primary spinal cord neoplasms are 
much less common than intracranial tumors. Metastatic lesions are common.and may arise 
from carcinomas of the lung, breast, prostate, kidney, thyroid or lymphoma. 

Genitourinary neoplasms occur at any age and in both sexes; however, they account for 
about30%ofcancerinthemale and4% inthe female. Adenocarcinoma of the prostate. 
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accounts for a significant number of malignancies in men over 50. Prostate adenocarcinoma is 
thought to be hormone related and its pathology is typically glandular. - Carcinoma of the 
kidney, adenocarcinoma, is only about one to two percent of adult cancers, but most solid 
kidney tumors are malignant. Wilms' tumors, an embryonal adenomyosarcoma of the kidrieys, 
5 occurs fetally and is often not diagnosed for several years. Renal pelvis and ureter neoplasms 
are histologically similar. Urinary bladder neoplasms may be induced by known urinary 
carcinogens such as aniline dyes» and the most common is transitional cell carcinoma, less . : 
common is squamous cell carcinoma. Rarer genitourinary neoplasms include carcinoma of the 
urethra, and penis. Neoplasms of die testis account for the majority of solid malignancies in 

1 0 males under 30. Most malignant testicular tumors arise from the primordial germ cell and are . 
classified according to the cell type involved. 

Breast cancer is the most common cancer in women. In the USA, the cumuladve risk 
for women of all ages of developing breast cancer is about 10%, but that of dying from the 
disease is only about 3.6%; However, the risk increases with age, a family history of breast 

15 cancer, exposure to radiation, and even diet is implicated in higher risk. 

Breast cancers are routinely typed for estrogen- and progesterone-receptor analysis. 
About two thirds of the patients have estrogen-receptor positive (ER+) breast tumors. Tumors, 
which are progesterone positive are thought to have functional estrogen receptor and the 
presence of both receptors gives a greater likelihood of favorable response to endocrine 

20 treatment than the presence of just one receptor. Endocrine therapy, usually tamoxifen, is 

preferred in estrogen receptor-positive tumors. Estrogens and androgens are also effective, but 
less favored due to undesirable side effects induced by higher levels of these hormones than 
other forms of endocrine treatment. Breast cancer may metastasize to almost any organ in the 
body, but most common sites of raetastatisis are the lung, liver, bone, lymph nodes and skin. 

25 Lobular carcinoma in situ (LCIS) or lobular neoplasia, is most frequently found in • 

premenopausal women. Ductal carcinoma in situ (DCIS) occurs in both pre- and 
postmenopausal women. DCIS forms a palpable mass. LCIS and DCIS account for about 
90% of all breast cancers. The rarer forms, medullary and tubular lesions, have a somewhat 
better prognosis. ■ - • < • - . 

30 The most common gynecologic neoplasms are endometrial carcinomas, which ranks 

fourth in frequency after breast, colorectal and lung cancers in women. Endometrial 

carcinomas are characterized by their chnical staging, ranging from in situ at stage 0, to 
metastasis to distant organs at stage IVB. Endometrial carcinomas typically produce estrogen 
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and the current treatment approaches are surgery and progesterone therapy. 

^-Ovarian cancers account.for.about l8%^otall gynecologic neopjasms,^bout 8^ 

malignant ovarian cancers arise from the ovarian epithelium and are classified according to 
their histology. Tumors may also arise from germ cells or stroma. 

Vulvar carcinoma accounts for about 3-4% of all gynecologic neoplasms. Vulvar 
carcinoma usually occurs after menopause, and about 90% are squamous cell carcinomas. 
About 4% are basal cell carcinomas and the rest include intraepitheUal carcinomas, 
adnocarcinoma of Bartholin's gland, fibrosarcoma and melanoma. ' 

Vaginal carinoma accounts for about 1% of gynecologic inalignancies. with a peak 
incidence from about ages 45 to 65. About 95% of vaginal carcinomas are squamous cell 
carcinoma. Primary carcinoma of the oviduct is rare, and typically spread, directly or by the 
lymphatics. 

Trophoblastic disease or neoplams of trophoblastic origin, can follow intra- or 
extrauterine pregnancy. A degenerating pregancy results in a hydatidiform mole of which 

about 80% are benign. 

Neoplasms may arise in the ear canal and affect hearing. Ceruminomas also arise, are 
typically malignant despite appearing benign histologically and are treated by surgical removal. 
Basal cell and squamous cell carcinomas frequently develop on the external ear as the result 
from regular sun exposure, and are also typically treated by surgical removal. The middle ear 
may be the site of squamous cell carcinomas. Nonchromaffin paragangliomas may arise in the 
temporal bone. 

The most common malignant tumor in the nose and paranasal sinuses is squamous cell 
carcinoma; less common are adenoid cystic and mucoepidermod carcinomas, raaUgnant mixed 
tumors, adenocarcinomas, lymphomas, fibrosarcomas, osteosarcomas, chondrosarcomas, and 
melanomas. 

Squamous cell carcinoma of the nasopharynx is more commonly observed in children 
and young adults. 

The most common malignancies of the upper respiratory tract are squamous cell 
carcinomas of the tonsil and of the larynx. Both are more common in males and are associated 
with tobacco smoking and ethanol ingestion; about 85 % of patients with cancer of the head or 
neck have a history of ethanol and tobacco consumption. 

In the head and neck, about 90% of the cancers are squamous cell (epidermoid) 
, carcinoma. Melanomas, lymphomas and sarcomas are relatively rare forms of primary head 
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and neck cancers. Cancers of the head and neck are classified according to the size and siie of 
involvement of the primary neoplasm: number arid size of metastases to the cervical lymph 
nodes; and evidence of distant metastases; " " ' ; : 

Ophthalmologic cancers may arise in the skin of the eyelids and may be benign or 

5 neoplastic. Common benigii growths are xanthelasmas, which form yellow-white flat plaques 
of lipid material subcutaneously. Basal cell carcinomas are more common; treatment is 
typically surgical removal or radiation therapy. Other less conmion malignant tumors are ■ 
squamous cell or meibomian gland carcinomas and other types of melanomas. The most 
common primary ocular malignancy is malignant melanoma of the choroid. 

10 Tumors also arise in the skin tissue, and include benign tumors such as moles, lipomas 

and the like; as well as malignant uimors. About 40-50% of riialignant melanomas arise from 
melanocytes in moles. Malignant skin cancers are either basal cell or squamous cell 
carcinomas and frequently arise in sun-exposed areas of skin. They are die most common 
malignancies, and the incidence is rising. Less conmion malignancies include malignant 

15 melanoma, Pager's disease of the nipple or estramammary Patent's, Kaposi's sarcoma (KS), 
and cutaneous T cell lymphoma (mycosis fungiodes). The incidence of KS is increasing as the 
result of the increased incidence of AIDS. KS arises in about one third of patients with AIDS. 

Oral cancers account for about 5% of cancers in men and 2% of cancers in wonien: 
The most common form of oral cancer is squamous cell carcinoma. Incidence increases with 

20 age and risk factors, particularly tobacco and alcohol consumption. 

Surgery is the oldest effective form of treatment of neoplasms. Success is largely 
achieved if the neoplasm is detected in its early stages and has not metastasized. Radiation is 
also important therapy, and is the favored therapy of many neoplasms such as Hodgkiri's 
disease, early stage non-Hodgkin's lymphomas, and squamous cell carcinoma of the head and 

25 neck. Radiation has proven very successful as an adjunct to surgery and antineoplastic drugs. 

Antineoplastic dnigs are also useful in the Ureatment of neoplasms, and are classified 
according to their mechanism of action. Numerous combinations, typically of antineoplastic • 
drugs with differing mechanisms of action, have proven to be panicularly effective therapy, 
permit lower doses* and frequently minimize negative side effects. Antineoplastic drugs 

30 frequently target fundamental biological processes necessary for cell replication or growth. 

Alkylating agents, such as mechlorethamin and cyclophosphamide, alkylate DNA, and 
resuict DNA replication.' . . . . .... 

Antimetabolites; which are directed to dismption of necessary cell division -pathways, 
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include: - - ■ • , ' - : 

— -—FGlate-antagdnists bind-to dehydrGfolate-reduetase and^nterfere-w^ 
synthesis. Folate antagonists are S-phase specific. Methotrexate is a very commonly used . 
antineoplastic folate antagonist. . , 

Purine antagonists block de novo purine synthesis and are S-phase specific. 6- 
Mercaptopurine is an example of a purine antagonist. 

Pyrimidine antagonists interfere with thymidylate synthase to reduce thymidine 
production and are S-phase specific. A frequently used pyrimidine antagonist is 5-fluor6uraciI. 
Cytarabine inhibits DNA polymerase and is S-phase specific. 
Plant aJkyloids include vincas, such as vinblastine and vincristine, and / 
podophyllo toxins, such as etoposide. Plant alkyloids are effective in the metaphase and inhibit 
mitosis by a variety of mechanisms including altering microtubular proteins. . 

Antibiotics include doxorubicin and daunorriycin, which intercalate between, DN A 
strands to inhibit the uncoiling of DNA; bleomycin, which causes incisions in DNA strands; 
and mitomycin, which inthibits DNA synthesis by acting as a bifunctional alkylator. 

Nitrosureas include carmustine and lomustine and alkylate DNA or cause carbamoylate 
amino acids in proteins. > — 

Inorganic ions, such as cisplatin, cause inter- and intracalation of DNA strands to 
inhibit the uncoiling of DNA. ^ ^ 

Biologic. Response Modifiers, such as the interferons, have antiproliferative effects, but 
their specific role is not known. Interferons include a (leukocyte) interferon, P (fibroblast) 
interferon and Y (lymphocyte) interferon. • 

Enzymes, such as asparaginase, are also used to alter metabolic pathways important in 
cancerous cells, Asparaginase depletes the cell of asparagine, on which leukemic cells depend. 

Hormones and their analogs, such as tamoxifen, flutamide and progesterone, have non- 
specific effects but are useful to treat certain ;neoplams which are known to be hormone 
_responsive,-especiaUy^breast;.oyariaii and prostate neoplasms. jramoxifen,.fr 
the treatment of breast neoplasms; places ceils at rest, and binds to the estrogen receptor. ^ 
Flutamide, frequently used in the treatment of prostate neoplasms, binds the androgen receptor; 

Cytokinins are naturally occurring and artificial plant growth regulators. Natural 
cytokinins tend to be non-specific inhibitors of various protein kinases. The molecular 
mechanisms by which cytokinins regulate cell growth and division are still being determined. 
Studies have indicated that cytokinins may increase accessibility of the DNA template, activate 
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RNA polymerases, affect polyadenylation and secondary structure of mRNA and stimulate 
formation and activity of polyribosomes. Cytokinins are thought to affect cell division by • 
interacting with regulatory proteins of the cell cycle. Both cytokinins. and cyclin-dependent . 
kinases (cdks) act at multiple and similar control points of cell cycle, for example, at the G,/S 

5 and Gj/M transitions and S and M phases.. 

Olomoucine, 6-(benzylamino)-2-[(2-hydroxyethyl)amino]-9-methylpurine, was first 
discovered as an herbicide. More recently, it has been discovered that Olomoucine is an 
artificial cytokinin, which specifically inhibit some cdks, including p34'*^Vcyclin B kinases, at 
micromolar concentration, but has no effect on other major protein kinases such as cAMP- and 

10 cGMP-dependent kinases, and protein kinase C. Olomoucine has recently been shown to have 
good selectivity for .the CDK-cyclin protein kinases, but only has moderate inhibitory activity, . 
with an IC50 of about 7 |iM. Vesely, J., eral.. Eur. J. Biochem .. 1994, 224, 771-786. , A 2.4 A 
crystal structure of olomucine co-crystallized with cdk2 revealed that the purine portion of 
olomoucine binds in the conserved ATP binding.pocket, while the benzylamino group extends ; 

15 into a region of the active site unique to the cdk2 kinases. - 

Roscovitine, 2-(l-ethyl-2-hydroxyethylamino)-6-benzylamino-9-isopropylpurine, is a 
recently synthesized purine which has been shown to have selectivity towards some cyclin- 
dependent kinases and to be- 10-fold more active on cdk2 and cdc2 than olomoucine (Meijer, 
L., et al., Eur. J. Biochem ., 243:527-536, 1997 and PCT/FR96/01905), Meijer et al report that 

20 most kinases are not significantly inhibited by roscovitine. However, cdc 2-cyclin B, cdk 2- 
cyclin A, cdk 2-cychn E and cdk 5-p35 are substantially inhibited with IC50 values of 0.65 , 
0.7, 0.7 and 0.2 p.M, respectively. In contrast, roscovitine displayed IC50 values of greater than 
lOO^M forcdk4-cyclinDl and cdk6-cyclinD2. . . , 

Havlicek, L.Vet al., J. Med. Chem. (1997)40:408-412 report that Roscovitine, and 

25 related analogs substituted in the 2, 6 and/or 9 positions, inhibit p34''*^*'^-cyclin B kinases. None 
of the analogs had superior iC^o values over the (R) enantiomer of Roscovitine, which had an 
IC50 value of 0.2 |lM. The (S) enantiomer had an IC50 value of 0.8 |iM: the racemic mixture 
(R/S) had an IC30 value of 0.65 \xM. These authors conclude that the N*-benzyl substituent of ' 
Roscovitine was superior over the isopenteriyl or cyclohexylmethyl substituents. 

30 The National Cancer Institute (NCI) is a US Government-run organization directed at 

the discovery and development of novel therapeutic oncology products. In 1985, the NCI 
established a new cancer screening strategy involving human tumor cell lines in an in vitro. 
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assay as the primary cancer screen; A total of sixty human tumor ceil lines, derived from seven 
— Gancer-types (lungrGGlGnrmelanomarrenalrOvarianrbrain-and-leukeniia)-were - — 
inclusion in the NCI panel (Grever, M,R., et al.. Seminars in Oncology , 19:1992:622-638). . : 
The protocols used in the assays have also been reported in the literature. American Type 
5 Tissue Collection (ATCC) acts as a depository for these and other tumor cell lines.: Useful . . 
human tumor cell lines include the following: • 
MCF7: human breast adenocarcinoma, hormone-dependent; , 
MDArMB-231: human bfeas;tadei^ 

HT-29: human colon adenocarcinoma, moderately well-differentiated grade 11; ' ' 
10 HCT- 15: human colon adenocarcinoma; , . 

A549: human non-small celllung carcinoma; 
DMS-114; human small cell lung carcinoma; 
PC-3: human prostate adenocarcinoma, hormone-independent; and 
DU 145: human prostate carcinoma, hormone-independent. 
15 Skehan, P., et al., J. Natl. Cancer Inst. 82: 1 107-1 112, 1990 sets forth useful protocols for using 
such tumor cell lines for screening antineoplastic drugs. 

Meijer, et al., supra, report that roscovitine inhibits the proliferation of the NCI disease- 
oriented in vitro screen, i.e., 60 human tumour cell lines comprising nine tumour types . 
(leukemia, non-small cell lung cancer, colon cancer, central nervous system cancer, melanoma, 
20 ovarian cancer, renal cancer, prostate cancer^ breast cancer) with an average, IC50 value ofT6 
|lM. The results of individual tumour lines were not reported. 

Two distinct cdk inhibitors, flavopiridol and olomoucine, suppress the death of 
neuronal PC 12 cells and sympathetic neurons in two model systems of neuronal, survival (Park 
et al.. J. Biol. Chem. 27in4):8161-8169. 1996^. The concentration of each required rn 
25 promote survival correlated with the amount required to inhibit proliferation. -Neuronal 
apoptosis is an important aspect of both nervous system development and a component of 

--_:-^-^-^neuronai.injury.and disease.™ -.1™--..^^^.: 1^^^ 

The PC 12 cell line was initially derived from a rat adrenal medullary 
pheochromocytoma. When grown in serum-containing medium, PC 12 cells divide and . 
•30 resemble precursors of adrenal chromaffin cells and sympathetic neurons. Upon addition of 
nerve growth factor (NGF). PC 12 cells attain the phenotypic properties of sympathetic 
neurons. Upon removal of either serum or serum and NGF, both naive and neuronally ^ 
differentiated PC 12 cells undergo apoptosis, which is analogous to the response of sympathetic 
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neurons. ' ' ' , 

The role of cell cycle regulation in apoptosis may be demonstrated by withdrawal of . ' 
NGF or serum which results in uncoordinated cell cycle progression and cell death from naive 
PC- 12 cells. Cdk inhibitors did not prevent the death of these proliferation competent naive* 

5 PC- 12 cells after removal of trophic support. Post-mitotic differentiated or sympathetic 
neurons are hypothesized to attempt inappropriate re-entry of the cell cycle following 
withdrawal of NGF which results in cell death. • However, exposure to flavopiridol or - . 
olomoucine which inhibit cdks prevented apoptosis in these cells. 

Changes in the activity of cdks and cyclins are observed during apoptosis of many 

10 different cell types. Camptothecin- or araC-induced apoptosis of HL60 cells is associated with 
elevated cdc2 activity and cyclin E-associated kinase activity. Camptothecin-induced 
apoptosis of RKO cells is associated with an increase in expression of cyclin Dl. - . 

Camptothecin causes apoptotic death of rat cerebral cortical neurons. Morris and- 
Geller, J. Cell Biol . 134:757-770(1996). Camptothecin-treated nonproliferating neuronally 

15 differentiated PC 12 cells die within 6 days after treatment, and cultured rat sympathetic - - 
neurons die within 5 days after treatment, even in the presence of NGF. Park et al., J. 
Neurosci. 17(4): 1256-1270(1997). However, administration of either both, or individual • • 
olomoucine or flavopiridol, in the presence or absence of camptothecin resulted in ' 
approximately 30% ceil death at day 6. Maximal protection of PC 12 cells, or rat sympathetic 

20 neurons, from death was observed with 1 |lM flavopiridol and 200 \iM olomoucine, which are 
the minimum concentrations that fully inhibit DNA synthesis by proliferating PC 12 cells. ' 
Administration of iso-olomoucine, an inactive analog of olomoucine, failed to prevent the cell 
death of camptothecin-treated neuronal cells - . ' - - • 

Flavopiridol and olomoucine were also shown to protect against camptothecin-induced 

25 cortical neuronal death. Park et al., J. Neurosci. 17(4):1256-1270(1997). The ICjq values of 
flavopiridol and olomoucine' were 0.1 |iM and 100 |iM, respectively.' Administration of iso- 
olomoucine failed to prevent the cell death of camptothecin-treated neuronal cells. . - • 
There are several implications of the above observations. It is well recognized that 
patients treated with radiation or antineoplastic agents experience undesirable side effects, 

30 including developing new neoplasms or undesirable cellular apoptosis. For example, some' 
patients treated with high-dose araC for refractory leukemia develop a cerebellar toxicity 
syndrome, characterized by loss of Purkinje neurons*. Winkelman and Hinges, Ann Neurol. 
14:520-527(1983) and Vogel and Horouipian, Cancer 71:1303-1308(1993). -Patients treated 
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with cis-platinum have, been reported to develop periperal neuropathies. Wallach, et al., i_Fla.. 

MedrAssoe7- 79:82-l-822(4992) and-Mansfield and-Castillo,-AJNR-Ani.J. Neuroradiol. 

15:1178-1180(1994). In view of these observations, either co- administration or sole 
adrninistration of the present compounds in the treatment of neoplasms would reduce or 
preclude cellular apoptosis, in particular, neuronal damage caused by treatment with 
antineoplastic agents or radiation. . 

Cerebrovascular disease is the most common cause of neurologic disability in Western 
cpuntries. The major sjjecific types of cerebrovascular disease are cerebral insufficiency due 
to transient disturbances of blood flow, infarction, hemmorrhage, and arteriovenous 
malformation. Stroke generally denotes ischemic lesions. Undesirable neuronal apoptosis 
occurs in cerebrovascular disease. . Treatment with inhibitors of cdks may be an approach to 
prevent neuronal injury and degeiieration in such cases. - 

SUMMARY OF THE INVENTION 

The present invention provides novel compounds, of the formula (I) 



NHR 



-N 

y (D- 

I 

R1 



wherein R is selected from the group consisting of R2, R2NH-, or HjN-RS- wherein 



R2 is selected from the group consisting of C,-Cg alkyl and 

R4 



.R4- . 

wherein Z is selected from the group consisting of phenyl, 
heterocycle and cycloalkyl, each R4 is independently hydrogen or 
C,-C4 alkyl, and n is an integer 1-8; • - • ' • - ' 
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wherein each Ci.-Q alkyl.and Z is optionally substituted with 1 to 3 
substituents, which may be the same or different and which are selected * 
from the group consisting of Hal, 0H» and C,-C4 alkyl; 

5 R3 is C]-Cg alkylene; and: . 

Rl is selected from the group consisting of cyclopentyl and isopropyl, . . 
and the pharmaceutically acceptable salts, optical isomers, and hydrates thereof. 

10 The present invention provides a method of inhibiting cell cycle progression. More 

specifically, the present invention provides a method of inhibiting cdlc-2. . . 

The present invention also provides a method of preventing apoptosis in neuronal cells. 
A particularly preferred method of the present invention is preventing apoptosis of neuronal 
cells induced by antineoplastic agents or resulting from cerebrovascular disease. Another 
15 preferred embodiment of the present invention is the method of preventing apoptosis induced 
by oxygen depletion. A more preferred invention provides a method of preventing apoptosis 
induced cerebrovascular disease. Another preferred invention provides a method of preventing 
apoptosis induced by stroke or infarction. 

The present invention provides a method of inhibiting the development of neoplasms. 
20 The present invention provides a method for treating a patient afflicted with a neoplastic 
disease state comprising administering a compound of the formula provided. It is preferred 
that the amount administered is a therapeutically effective amount of a compound of the 
formula. A preferred method of the present invention administers a single compound of the 
formula provided. Alternatively, a preferred method of the present invention administers an 
.25 amount of a compound of the formula in conjunction with other antineoplastic agents. 

In addition, the present invention provides a composition comprising an assayable 
amount of a compound of Formula (I) in admixture or otherwise in association with an inert 
carrier. The present invention also provides a pharmaceutical composition comprising an 
effective inhibitory amount of a compound of Formula (I) in admixture or otherwise in 
30 association with one or more pharmaceutically acceptable carriers or excipients, 
DETAILED DESCRIPTION OF THE INVENTION 
The present invention provides novel compounds of the formula (I) . 
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NHR 




(1). 



wherein 



R is selected from the group consisting of R2, R2NH-, or HjN-RS-, wherein 
R2 is selected from the group consisting of C^-C^ alkyl and 

R4 



— (C)n^-Z 
R4 

wherein Z is selected from the group consisting of phenyl, 
heterocycle and cycloalkyl, each R4 is independently hydrogen or 
C,-C4 alkyl, and n is an integer 1-8; 
wherein each Ci-Cg alkyl and Z is optionally substituted with 1 to 3 
substituents, which may be the same or different, selected from the 
group consisting of Hal, OH, and CrC^ alkyl; 
^ R3 is Ci-Cg alkylene; and 
Rl is selected from the group consisting of cyclopentyi and isopropyl, 
and the pharmaceutically acceptable salts, optical isomers, and hydrates thereof. 

Also within the scope of Formula (I) are novel compounds of the Formula (la). 

NHR 



(la) 



N 
L 
R1 



wherein R is R2 wherein 

R2 is Ci-Cg alkyl, optionally substituted with 1 to 3 substituents, which 
may be the same or different, selected from the group consisting of Hal, 
OH. and C,-C4 alkyl; 
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Rl is selected from the group consisting of cyclopentyl and isopropyl, 
and the pharmaceulically acceptable salts, optical isomers, and hydrates thereof. 

Also within the scope of Formula (D are novel compounds of the Formula (lb). 



NHR 



I 

Rl 



(lb) 



10 



wherein 



R is R2, 



R2is 



15 



R4 



■(C)n- 



20 



R4 

wherein Z is phenyl, optionally substituted with 1 to 3 
substituents, which may be the same or different, selected from 
the group consisting of Hal, OH, and €,-€4 alkyl; each R4 is 
independently hydrogen or Ci-C^ alkyl, and n is an integer 1-8; 
Rl is selected from the group consisting of cyclopentyl and isopropyl, 
and the pharmaceutically acceptable salts, optical isomers, and hydrates thereof. 

Also within the scope of Formula (I) are novel compounds of the Formula (Ic). 



25 



NHR 



H,N 



30 




(Ic) 
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wherein 



RisR2, 



R2 is 



R4 



— (C)n— Z 
I 

R4 



wherein Z is heterocycle, optionally substituted with 1 to 3 
substituents, which may be the same or different, selected from 
the group consisting of Hal, OH, and Cj-C* alkyl; each R4 is 
independently hydrogen or C,-C4 alkyl, and n is an integer 1-8; 

Rl is selected from the group consisting of cyclopentyl and isopropyl. 
and the pharmaceutically acceptable salts, optical isomers, and hydrates thereof. 

Also within the scope of Formula (I) are novel compounds of the Formula (Id). 



NHR 




N 

I 

R1 



(Id) 



wherein 



R is R2, 



R2is 



R4 



-— (C)n— -Z_ 



R4 

wherein Z is cycloalkyl, optionally substituted with 1 to 3 
substituents, which may be the same or different, selected from 
the group consisting of Hal, OH, and Cj-Cj alkyl; each R4 is 
independently hydrogen or C^-C^ alkyl, and n is an integer 1-8; 
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Rl is selected from the group consisting of cyciopentyl and isopropyl, 
and the pharmaceutically acceptable salts, optical isomers, and hydrates thereof. , . 

Also within the scope of Formula (1) are novel compounds of the Formula (la'). 



NHR 




(la') 



10 



15 



wherein R'is R2NH- wherein 

R2 is Cj-Cg alkyU optionally substituted with 1 to 3 substituents. which 
may be the same or different, selected from the group consisting of Hal, 
OH, and C1-C4 alkyl; 
Rl is selected from the group consisting of cyciopentyl and isopropyl,-' . 
and the pharmaceutically acceptable salts, optical isomers, and hydrates thereof. 

Also within the scope of Formula (I) are novel compounds of the Formula (lb'). 



20 



NHR 



N 
I 

Rl 



(lb') 



25 wherein 



R is R2NH-, 
R2 is 



30 



R4 
I 

-(C)n Z 

R4 
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wherein Z is phenyl, optionally substituted with 1 to 3 

_ _ ^ sub stituen ts. which ma y be the same or diff erent , sele cted from 

the group consisting of Hal, OH, and e,-G4 alkyi; each R4 is 
independently hydrogen or Cj-Cj alkyl, and n is an integer 1-8; 
R 1 is selected from the group consisting of cyclopentyl and isoprop'yi; 
and the pharraaceutically acceptable salts, optical isomers, and hydrates thereof. 

Also within the scope of Formula (I) are novel compounds of the Formula (Ic'). 



10 



NHR 




,(Ic') 



15 wherein R is R2NH-, 

R2is 



20 



R4 

I 

(C)n- 
1 

R4 



25 



wherein Z is heterocycle, optionally substituted with 1 to 3 
substituents. which may be the same or different, selected from 
the group consisting of Hal, OH, and C1-C4 alkyl; each R4 is 
independently hydrogen or C,-C4 alkyl, and n is an integer 1 -8; 
Rl is selected from the group consisting of cyclopentyl and isopropyl, 



and the pharmaceutically acceptable salts, optical isomers, and hydrates thereof. 

Also within the scope of Formula (I) are novel compounds of the Formula (Id' ). 



30 



it 




RisR2NH-, 
R2is 

R4 

— (C)n— Z 
R4 

15 

wherein Z is cycloalkyl, optionally substituted with 1 to 3 
substituents, which may be the same or different, selected from 
the group consisting of Hal, OH, and C,-C4 alkyl; each R4 is 
20 independently hydrogen or C,-Q alkyl, and n is an integer 1-8; 

R 1 is selected from the group consisting of cyclopentyl and isopropyl, 
and the pharmaceutically acceptable salts, optical isomers, and hydrates thereof. 

Also within the scope of Formula (I) are novel compounds of the formula (le) 



wherein 

10 



25 . 



30 

wherein R is HjN-RS- wherein 

R3 is Cj-Cg alkylene; and 
■ R 1 is selected from the group consisting of cyclopentyl and isopropyl. 



NHR 




(le) 



R1 
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and the pharmaceutically acceptable salts, optical isomers, and hydrates thereof. 

~-~-As used-herein,-the tenii—heteroGycle-raeans any-closed-ring-m 

more of the atoms of the ring are an element other than carbon and includes, but is not limited 
to the following: piperidinyl, pyridinyl, isoxazolyl, tetrahydrofuranyl, pyrrolidinyl, : 
5 morpholinyl, piperazinyl, benzimidazolyi, thiazolyl, thiophenyl, furanyl, indolyl, 1,3- 

benzodioxolyl; tetrahydropyranyl, imidazolyl, tetrahydrothiophenyl, pyranyi, dioxanyl, pyrrolyl, 
pyrinrudinyl, pyrazinyl, triazinyl^oxazolyl, purinyl, quinolinyl, and isoquinoliny . 
^ " As usM herein^the teim "Ci-C4 alkyl" refers to a saturated or unsaturated, straight of 
■ branched chain hydrocarbyl radical of from one to four carbon atoms and includes, but is not 
10 liniited to the following: methyl, ethyl, propyl, isopropyl, l-propenyl,2-propenyl, n-butyl, 
isobutyl, tertiary butyl, sec-butyl, 1-butenyl, 2-butenyl, 3-butenyl, and the like. 

\ As used herein, the term "CpCg alkyl" refers to a saturated or unsaturated, straight of 
branched chain hydrocarbyl radical of from one to eight carbon atoms and includes, but is not 
limited to the following: methyl, ethyl, propyl, isppropyl, 1-propenyl, 2-propenyi, n-butyl,, 
15 isobutyl, tertiary butyl, sec-butyl, 1-butcnyl, 2-butenyl, 3-butenyl, pentyl, neopentyl, hexyl, 
heptyl, octyi, and the like.. 

. As used herein, the term "Cj-Cg alkylene" refers to a saturated or unsaturated, straight 
of branched chain hydrocarbylene radical of from one to eight carbon atoms and includes, but 
is not limited to the following: methylene, ethylene, propylene, isopropylene, 1 -propenylene, 2- 
20 propenylene, n-butylene, isobutylene, tertiary butylene, sec-butylene, 1-butenyiene, 2- 

butenyiene, 3-butenylene, pentylene, neopentylene, hexylene, heptylene, octylene, and the like. 

As used herein, the term "cycloalkyl" refers to a saturated or unsaturated alicyclic - 
moiety containing three to eight carbon atoms and includes, but is not limited to, the 
: following: cycloprppyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, and the' 

; 25 like. . ' • * 

As used herein, the term *'Hal" refers to a halogen moiety and includes fluoro, chloro, 

^ b romo . and iodo moie ties. ■ \ _ l_ 

As iised herein, the term "optical isomer" or "optical isomers" refers to any of the 
various stereo isomeric configurations which may exists for a given compounds of Formula (I). 
30 As used herein, the term "hydrate" or "hydrates" refers to the reaction product of one or * 

more molecules of water with a compound of formula (I) in which the H-OH bond is not split 
and includes monohydrates as well as multihydratcs. 

As used herein, the term "pharmaceutically acceptable sahs" refers to the reaction 
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product of one or more molecules of any non-toxicv organic or inorganic acid with the 
compounds of Formula (I). Illustrative inorganic acids -which form suitable salts include 
hydrochloric, hydrobromic, sulphuric and-phosphoric acid and acid metal salts such as sodium 
monohydrogen orthophosphate and potassium hydrogen sulfate.' Illustrative organic acids : 

5 which form suitable salts include mono, di and tricarboxylic acids. Illustrative of such acids 
are, for example, acetic acid, giycolic acid, lactic acid, pyruvic acid, malonic acid, succinic . 
acid, glutaric acid, fumaric acid,-malic acid acid, tartaric acid, citric acid, ascorbic acid, maleic 
acid, hydroxymaleic acid, benzoic acid, hydroxybenzoic acid, phenylacetic acid, cinnamic acid, 
salacylic acid, 2-phenoxybenzoic acid and sulfonic acids such as methane sulfonic acid, 

10 trifluoromethane sulfonic acid and 2-hydroxyethane sulfonic acid. 

The compounds of Formula (I) can be prepared by utilizing procedures and techniques 
well known and appreciated by one of ordinary skill in the art. A general synthetic scheme for 
preparing these compounds is set forth in Scheme A wherein all substituents, unless otherwise 
indicated, are as previously defined. 

15 

Scheme A 
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-^--In Seheme-Ar Step aw2-,6-diGhloropurine-(^ 

2 to give the corresponding 9-substituted-2,6-dichIoropurine compound of structure 3 using . 
techniques and prcKiedures well kiiown to one of ordinary skill in tte 

5 For exaniple, 2;6-dichloropurine 03 can be reacted with the appropriate alcohol of 

structure 2 in the presence of triphenylphosphine and diethyl azodicarboxylate in a suitable 
anhydrous aprotic solvent, such as tetrahydrofuran. The reactants are typically stirred together 
^ at room temperature for a period of time ranging from 5 hours to 5 days. The resulting 9- 
substituted-2,6-dichloropurine of structure 3 may be recovered from the reaction zone by 
.10 extractive methods as is known in the art or more typically, the resulting 9-substituted-2,6- 
. dichloropurine of structure 3 is recovered by removal of solvent following by charging direcdy 
onto a silica gel column and eluting with a suitable solvent, such as methylene chloride, or 
mixture of solvents, such as a niixture of hexane and ethyl acetate. The crude 9-substituted- 
2,6-dichloropurine of structure 3 may then be purified by chromatography or may be used in 
15 the next step without purification. 

In step b, the 6-chlbro functionality of the 9-substituted-2,6-dichloropurine of structure 

3 is reacted with an appropriate amine of structure 4 to give the corresponding 9-substituted-6- 
aniino-2-chloropurine compound of structure 5. 

For example, the 9-substituted-2,6-dichloropurine of structure 3 can be reacted with the 
20 appropriate amine of structure 4 in a suitable anhydrous polar solvent such as methanol. The 
reactants are typically stirred together at reflux temperatures for a period of time ranging from 
, 30 minutes to 3 days. The resulting 9-substituted-6-araino-2-chloropurine of structure 5 is 
recovered from the reaction zone by extractive methods as are known in the art, or, if the 9- 
substituted-6-aniino-2-chloropurine of structure 5 precipitates out of solution, it may be . , 
25- recovered by filtration. 

In step c, the 2-chloro functionality of the 9-substituted-6-amino-2-chloropurine of 
:^^._.s,tnjcmre^5 isxeactedLwith„l ,4rcy 
Formula!. 

For example, the appropriate 9-substituted-6-amino-2-chloropurine of structure 5 can 
30 * be reacted with a molar excess of 1 ,4-cyclohexanedianiine (6). The reactants are typically 
placed in a pressure tube, sealed, and heated at a teniperature of from about 80°C to about 
ISO^'C for a period of time ranging from 30 minutes to 3 days. The resulting compound of 
Formula I is recovered from the reaction zone by extractive methods as are known in the art 
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and may be purified by chromatography. 

Starting materials for use in the general synthetic procedures outlined in Scheme A are . 
readily available to one of ordinary skill in the art. . ■ 

The following examples present typical syntheses as described in Scheme A. These 
5 examples are understood to be illustrative only and are not intended to limit the scope of the 
present invention in any way. As used herein, the following terms have the indicated - . 
meanings: "g*' refers to grams; ''mmoF' refers to millimoles; '*mL" refers to milliliters; "bp" 
refers to boiling point; ""C refers to degrees Celsius; "nmi Hg" refers to millimeters of 
mercury; "p.L" refers to microliters; *Vg" refers to micrograms; and *VM" refers to . . , 
10 micromolar. 

Example 1 

2-fTrans-f4-aniinocvclohexvnamino1-6-(3^iodobenzvlamino)-9-cvclopentvlpurine - 

dihvdrochloride . . . > . 

Scheme A, step a: 2,6-Dichloro-9-cvclopentylpurine . • 

15 Dissolve cyclopentanol (260 mg, 3.02 mmol), 2»6-dichloropurine (680 mg, 3.60 mmol) and • -r; 

triphenyl phosphine (950 mg, 3.60 mmol) in dry THF (20 mL) and cool to 0°C. Add diethyl % 
azodicarboxylate (570 {iL, 3.60 mmol) dropwise over a period of 15 minutes under a nitrogen : • , 
atmosphere. Stir the resulting solution for 60 hours at room temperature. Evaporate the ' r 

solvent in vacuo, charge directly onto a silica gel column, and elute with methylene chloride to - -^r.. 

20 give the title compound as a crude mixture. 

Scheme A, step b: 2-Chloro-6-f 3-iodobenzvl)amino)-9-cvclopentvlpurine 

Dissolve 2,6-dichloro-9-cyclopentylpurine (620 mg, crude), 3-iodobenzylanune hydrochloride 

(810 mg, 3.00 mmol) and triethylamine (835 |iL, 6.00 mmol) in dry ethanol (20 mL). Heat at . 

reflux for 1 5 hours, cool , and filter the solid to give the title compound as a white solid (680 : . ; , 

25 mg). 

^H-NMR (MejSO-d^ + D2O, 5): 8.27 (s, IH, purine H-8). 7.74 (s, IH), 7.61 (d, IH), 7.39 (d, • 
lH),7.16(t;lH),4.78(m, IH), 4.62 (bs,2H), 2.15 (m,2H), 1.90 (m,4H), 1.70 (m,2H); • 
CIMS (NH3) 454 (MH^), 328. 

Scheme A. stepc: 2-rTrans-r4-aminocvclohexvnaminol-6'(3-iodobenzvlamino)-9- ' 
30 cvclopentvlpurine dihvdrochloride 

Mix 2-chloro-6-(3-iodobenzyl)amino)-9-cyclopentylpurine (130 mg, 0.287 mmol) and 1,4-- ■ • ' ; ' 
cyclohexanediamine (2.00 g, excess) in a pressure tube; seal and heat to .140°C for 18 hours.- 
Cool the reacuon mixture, add CH^Cl. (40 niL), and wash with H.O (2x20 mL); Dry (MgSO^), : 
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evaporate the solvent m vacuo, and purify by silica gel chromatography (10: l:drops 
- r - - GHaGl^MeOH/NH^OH) to give the title-compound-^^ 

hydrochloride salt. ...... 

^H-NMR (Me^SO-dg + 0,0. 6): 7.83 (d, IH), 7.71 (s, lH, purine H-8),:7.60 (s, IH), 7.3.8 (d, 
5 IH), 7.14 (t, IH), 4.63 (m. 3H); 3.62 (m. IH), 2.99 (m, IH), 1.50-2.20 (m, 14H), LlO-1.50 (m, 
2H); ■ 

CIMS (NH3) 532 (MH^ ... 

Example 2 ^ 

2-fTrans-r4-aminocvclohexvl)amino1-6-rf3-indolvlV2-ethvlaminol-9-cvcloDentvlpurine 
10 dihvdrochloride 

Scheme A, step b: 2-Chloro-6-r(3-indolvn-2-ethvlamjno1-9-cvclopentvlpurine . 
2-Chloro-6-[(3-indolyl)-2-ethylamino]-9-cyclopentylpurine is prepared from 2,6-dichloro-9- 
cyciopentylpurine. tryptamine, and triethylamine essentially as described above in Example 1 , 
Scheme A, step b. 

15 Scheme A, step c: 2-fTrans-(4-aminocvclohexynamino1-6-rr3-indolvn-2-ethvlamino1-9' 
cvclopentvlpurine dihvdrochloride 

2-[Trans-(4-aminocyciohexyl)armno]-6-[(3-Lndolyl)-2-ethylariiino]-9-cyclopentylpurine 
dihydrochloride is prepared from 2-chloro-6-[(3-indolyl)-2-ethylaniino]-9-cyclopentylpurine 
essentially as described in Example 1, Scheme A, step c. 
20 CiMS(NH3) 459 (MH");Rf(min.) = 3.47 

Example 3 

2-FTrans-r4-aminocvclohexvl)amino1-6-fbutviamino)-9-cvclopentylpurine dihvdrochloride 
Scheme A, step b: 2-Chloro-6-(butvlamino)-9-cvclopentvlpurine 
2-Chloro-6-(butylamino)-9-cyclopentylpurine is prepared from 2,6-dichloro-9- 
25 cyclopentylpurine, n-butylamine, and triethylamine essentially as described above in Example 
1, Scheme A, step b. 

^ Scheme A, step c: 2-rTrans-(4-aniinocvclQhexvnamino1-6-fbutvlaminoV9-cvclopentvlpurine 

dihvdrochloride 

2-[Trans-(4-aminocyclohexyI)amino]-6-(butylamino)-9-cyclopentylpurine dihydrochloride is 
30 prepared from 2-chloro-6-(butylamino)-9-cyclopentylpurine essentially as described in 
Example 1 , Scheme A, step c. ^ . - . 

CIMS (NH3) 466 (MH");Rf(min;) = 3.45. ; 
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Example 4 

24Trans-(4-aminocvclohexvl)arnino]-6-r2-(34-methvlenedioxvphenvlkthvlamino1-9- 
cyclopentylpurine dihvdrochloride 
Scheme A. step b: 2-Chloro-6-r2-(3.4-methvlenedioxvphenvl)ethvlarnino1-9-cvclopentvlpurine 
5 2-Chloro-6-[2-(3,4-methylenedioxyphehyl)ethylamino]:9Tcyclopentylpurine is prepared from , 
2,6-dichloro-9-cyclopentylpurine, 3»4-methylenedioxyphenethylamine, and triethylamine 
essentially as described above in Example 1, Scheme A, step b. 
Scheme A, step c: 2-fTrans-(4-aminocvclohexvnamino1-6-f2-(3,4" 
methylenedioxvphenvnethvlamino1-9-cvclopentvlpurine dihvdrochloride ■ 
10 2-ITrans-(4-anunocyclohexyl)aniino]-6-[2-(3,4-methylenedioxyphenyl)ethylaniino]-9- 
cyclopentyipurine dihydrochloride is prepared from 2-chloro-6-[2-(3,4- 
methylenedioxyphenyl)ethylaminol-9-cyclopentylpurine essentially as described in Example 1, 
Scheme A, step c. 

cms (NH3) 464 (MHO; Rf (min.) = 2.28 
15 ' ' Example 5 

2-rTrans-(4-anninocvclohexvnamino1-6-r(4-aminobutvl)amino1-9-cyclopentvlpurine 

dihvdrochloride 

Scheme A. step b: 2-Chloro-6-[(4-aminobutvnamino1-9-cvclopentvlpurine - 
2-Chloro-6-[(4-aminobutyl)amino]-9-cyclopentylpurine is prepared from 2,6-dichloro-9- - 
20 cyclopentylpurine, 1,4-diaminobutane, and triethylamine essentially as described above in 
Example 1, Scheme A, step b. 

Scheme A, step c: 2-fTranS"(4-aminocvclohexvi)aminoT-6"r(4-aminobutvl)amino1-9- • 
cvclopentvlpurine dihvdrochloride 

2-[Trans-(4-aniinocyclohexyi)amino]-6-[(4-aminobutyl)amino]T9-cyclopentylpurine 
25 dihydrochloride is prepared from 2-chloro-6-[(4-aminobutyl)amino-9-cyclopentylpurine 
essentially as described in Example 1 , Scheme A, step c. 
CIMSCNHj) 387 (MH");Rf(min.) = 3.10 ., 

Example 6 

fS)-2-rTrans-(4-aminocvclohexvnamino1-6-ffa-methvlbenzvl)amino1-9-cvclopentvlpurine . . 

30 dihvdrochloride 

Scheme A. step b: 2-Chloro-6-rfa-methvlbenzvnamino1-9-cvciopentvlpurine . . - , ; . . 
2-Chloro-6-[(a-methylbenzyl)amino]-9-cyclopentylpurine is prepared from 2,6-dichloro-9- 
cyclopentylpurine, (S)-a-methylbenzylamine, and triethylamine essentially as described above 
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in Example 1, Scheme A, step b. 

- — - Scheme-A, step c:-^2.TTrans--(4^aminocvclohexvl)aminoU6^rra-methvlbenzvn^ 

cyclopentvipurine dihvdrochloride 

,2-[Trans-(4-aminocyclohexyI)amino]-6-[(a-methylbenzyl)amino]-9<yclopentylpurin^ 
5 dihydrochloride is prepared from 2-chlGro-6-[(a-methylbenzyl)amino]-9-cyclopentylpurine 
essentially as described in Example 1, Scherrie A, step c. 
CIMS (NH3) 420 (MHO; Rf (min.) = 0.42 

Example 7 

2-rTrans-(4-aminocvclohexvl)amino1-6-rn-Pvridvn-2-ethvlamino1-9-cvclopentvlpurine 

10 dihvdrochloride 

Scheme A, step b: 2-Chloro-6-[(3-pvridvn-2-ethvlamino1-9-cvclopentvlpurine 
2-Chloro-6-[(3-pyridyl)-2-ethylamino]-9-cyclopentylpurine is prepared from'2,6-dichloro-9- 
cyclopentylpurine, 3-(ethylamino)pyridine, and triethylamine essentially as described above in 
Example 1, Scheme A, step b. 

15 Scheme A. step c: 2-rTrans-f4-aminocvclohexvnamino1-6-r(3-pvridvlV2-ethvlaniino1-9- 
cvclopentvlpurine dihvdrochloride ... . 

2-ITrans-(4-aniinocyclohexyl)amino]-64(3-pyridyl)-2-ethylaniino]-9-cyclopentylpurine 
dihydrochloride is prepared from 2-chloro-6-[(3-pyridyi)-2-ethylamino]-9-cyclopentylpurine 
essentially as described in Example 1 , Scheme A, step c. 

20 CIMS (NH3) 421 (MHO; Rf (min.) = 3.13 

Example 8 

2-rTrans-(4-aniinocvclohexvnaniino1-6-rf4-pvridvnmethvlamino1-9-cvclopentvlpurine 

dihvdrochloride 

Scheme A. step b: 2-Chloro-6-rf4-pvridvnmethvlamino1-9-cvclopentvlpurine 
25 2-Chloro-6-[(4-pyridyl)methylamino]-9-cyclopeniylpurine is prepared from 2.6-dichloro-9- 

cyclopentylpurine, 4-aminomethylpyTidine, and triethylamine essentially as described above in 
„:„...ExampJe 1, Sch^^^ ^. . „ 

Scheme A. step c: 2-fTrans-r4-aminocvclohexvnamino1-6-f(4-pvridvl)methvlaniino1-9- 

cvclopentvlpurine dihvdrochloride 
30 2-[Trans-(4-arTiinocyclohexyl)aniino]-6-l(4-pyridyl)methylaniino]-9-cyclopentylpurine 

dihydrochloride is prepared from 2-chloro-6-[(4-pyridyl)methylamino]-9-cyclopentylpurine 

essentially as described in Example 1» Scheme A, step c. ■ 

CIMS (NH3) 407 (MHO; Rf (min.) = 3.13 
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Example 9 

24Trans-(4-aminocvclohcxvnamino1-643-(4-mQmholinvnpropvlamino1-9-cvclopentvlpurine 

dihvdrochloride 

Scheme A, step b: 2-Chloro-6-r3-f4-morpholinvnpropvlamino1-9-cvclopentvlpurine 
5 2-ChIoro-6-[3-(4-morpholinyl)propylamino]-9-cyclopentylpurine is prepared from 2,6- - 
dichloro-9-cyclopentyipurine, 3-aminopropylmorpholine, and triethylamine essentially as 
described above in Example 1, Scheme A, step b. 

Scheme A. step c: 2-rTrans-(4-aminocvc[ohexvnamino1-6-f3-(4-morpholinvnpropvlamino1-9- 
cvclopentvlpurine dihvdrochloride 
10 2-[Trans-(4-arainocyclohexyl)amino]-6-[3-(4-morpholinyl)propyiamino]-9-cyclopentylpurine 
dihydrochloride is prepared from 2-chioro-6-[3-(4-morphoiinyl)propylamino]-9- 
cyclopentylpurine essentially as described in Example 1, Scheme A, step c. * ' • 
CIMS (NH3) 443 (MH*); Rf (min.) = 3. 11 

Example 10 

15 2-rTrans-f4-aminocvclohexvnamino1-6-rr3.4-dichlorobenzvnamino1-9-cvclopentvlpurine 

dihvdrochloride 

Scheme A, step b: 2-Chloro-6-rf3.4-dichloroben2vnamino1-9-cvclopentvlpurine 
2-Chloro-6-[(3,4-dichlorobenzyl)amino]-9-cyciopentylpurine is prepared from 2,6-dichloro79-. 
cyclopentylpurine, 3,4-dichlorobenzylamine, and triethylamine essentially as described above 
20 in Example 1, Scheme A, step b. 

Scheme A, step c: 2-ITrans-(4-aminocvclohexvnaminQ]-6-R3.4-dichloroben2vnamino1-9- 
cvclopentvlpurine dihvdrochloride 

2-[Trans-(4-aniinocyclohexyl)amino]-6-[(3,4-dichlorobenzyl)amlno]-9-cyclopentyipurine 
dihydrochloride is prepared from 2-chloro-6-[(3,4-dichlorobenzyl)amino]-9-cyclopentylpurine 
25 essentially as described in Example 1, Scheme A, step c. ' 
CMS (NH3) 474 (MH^); Rf (min.) = 2.34 

Example 1 1 

2-fTrans-(4-aminocvclohexvnamino1-6-rf3-methvlbenzvnamino1-9-cvclopentvlpurinc 

dihvdrochloride 

30 Scheme A. step b: 2-Chloro-64(3-methvlbenzvnamino1-9-cvclopcntvlpurinc 

2-Chloro-6-[(3-methylbenzyl)amino]-9-cyc[opentylpurine is prepared from 2,6-dichloro-9- 
cyclopentylpurine, 3-methylbenzylamine, and triethylamine essentially as described above in 
Example 1, Scheme A, step b. :* ' . 
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Scheme A. step c: 2-rTrans-r4-aminocvclohexvl)armno1-6-[(3-methvlbenzvl')amino1-9- 

cvclopentvlpurine dihvdrochloride ^ — -^-^ — - - — — ~~ r ^ 

2-[Trans-(4-aminocyclohexyl)aiTuno]-6-[(3-methylbenzyl)ainino]-9-cyclope^ 
dihydrochloride is prepared from 2-chloro-6-[(3"methylbenzyl)amino]-9-cyciopentylpurine 
5 essentially as described in Example 1^ Scheme A, step c. 
CIMS (NH3) 420 (MH*); Rf (min,) = 2.29 

Example 12 

2-rTrans-(4-aminocvclohexvl)aihino1-6-r2-f2-pvridvl>ethvlarnin 

dihydrochloride 

10 Scheme A, step b: 2-ChIoro-6-r2-f2-pvridvnethvlamino1-9-cvclopentvlpurine 

2-Chloro-6-[2-(2-pyridyl)ethylamino]-9-cyclopentylpurine is prepared from 2,6-dichloro-9-. 
. cyclopentylpurine, 2-(ethylamino)pyridine, and triethylamine essentially as described above in 
Example 1, Scheme A, step b. 

Scheme A, step c: 2-rTranS"f4"aminocvclohexvl)aniino1-6-r2-(2-pvridvnethvlamino1-9- 
15 cyclopentylpurine dihydrochloride 

2-[Trans-(4-aminocyclohexyl)amino]-6-[2-(2-pyridyl)ethylamino]-9-cyclopentylpurine 
dihydrochloride is prepared from 2-chioro-6-[2-(2-pyridyl)ethylarmno]-9-cyclopentylpurine . 
essentially as described in Example 1, Scheme A, step c. 
CIMS (NH3) 421 (MH^); Rf (min.) = 3,13 

20 

Example 13 

2-rTrans-(4-anrdnocvclohexvnaminol-6-r2-(4-morpholinvl)ethylamino1-9-cvclopentvlpurine 
, . . trihvdrochloride _ 

Scheme A. step b: 2-Chloro-6-r2-(4-morpholinynethylamino1-9-cyclopentvlpurine 

25 2-Chloro-6-[2-(4-morpholinyl)ethylamino]-9-cyclopentylpurine is prepared from 2,6-dichloro- 
9-cyclopentylpurine, 2-aminoethylmorpholine, and triethylamine essentially as described above 

in ExampleJ^, Sch^^^ . „ — j ; ' ' ■ 

Scheme A, step c: 2'rTrans-(4-aminocvclohexvl)amino1-6-r2-f4-morpholinynethvlamino1-9- ' 
cyclopentylpurine trihvdrochloride 

30 , 2-[Trans-(4-aminocycIohexyl)ajnino]-6-[2-(4-morpholinyl)ethylaniino]-9-cyclopentylpurine 
triihydrochloride is prepared from 2-chloro-6-[2-(4-morpholinyl)ethylamino]-9- 
cyclopentylpurine essentially as described in Example 1, Scheme A, step c. 
CIMS (NH3) 429(MH"); Rf (min.) = 3.08 
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Example 14 ... 
24Trans-(4-aminocvclohexvl^aminol-642-hvdroxvethvlhvdrazinol-9-cvc[opentvlpurine 

dihvdrochloride .. . 
Scheme A, step b: 2-Chloro^6-r2-hvdroxvethvlhvdra2ino1-9-cvclopentvipurine * . 
5 2-Chloro-6-[2-hydroxyethylhydrazino]-9-cyclopentylpurine is prepared from 2,6-dichloro-9: 
cyclopentylpurine, 2-hydroxyethylhydrazine, and triethylamine essentially.as described above 
in Example 1, Scheme A, step b. 

Scheme A, step c: 2-fTrans-(4-aminocvclohexvnamino1-6-r2-hvdi-oxvethvlhvdrazino1-9- 
cvclopentylpurine dihvdrochloride 
10 2-[Trans-(4-aminocyclohexyl)amino]-6-[2-hydroxyethylhydrazino]-9-cyclopentylpurine 

dihydrochloride is prepared from 2-chloro-6-[2-hydroxyethylhydrazino]-9-cyclopentylpurine 
essentially as described in Example 1, Scheme A, step c. ■ 
CIMS (NH3) 375 (MHO; Rf (min.) = 3.15 

Example 15 

15 2-rTranS'r4-aminocvclohexvnamino1-6-f(3-chloro)ben2vlaminol-9-f2-DroDvnpurine . 

dihvdrochloride 
Scheme A. step a: 2.6'-Dichloro-9-(2-propvnpurine ■ 

2,6-Dichloro-9-(2-propyl)purine is prepared from 2,6-dichloropurine and isopropanoi . . . ^ . ^. 
essentially as described in Example 1, Scheme A, step a, but substituting. isopropanol for . ^ 

20 cyclopentanol. 

Scheme A. step b: 2-Chloro-6-[f3-chloro)ben2vlamino1-9-(2-prQpvnpurine 
2-Chloro-6-[(3-chloro)benzylamino]-9-(2-propyl)purine is prepared from 2,6-dichloro-9-(2- 
propyl)purine, 3-chlorobenzylamine» and triethylamine essentially as described above in 
Example 1, Scheme A, step b. v . - - . . : 

25 Scheme A. step c: 2-rTrans-f4-aminocvclohcxvl)amino1-6-rf3-chloro)bcnzvlamino1-9-f2- : 
propyHpurinc dihvdrochloride ■ ^ - . .. . ■ 

2-[Trans-(4-aminocyclohexyl)amino]-6-[(3-chloro)benzylamino]-9-(2-propyl)purine 
dihydrochloride is prepared from.2-chloro-6-[(3-chloro)benzylamino]-9-(2-propyl)purine 
essentially as described in Example 1 , Scheme A, step c. . ' ; 

30 ?:IMS (NH3) 414 (MHO; Rf(min.) = 3.44'. - . . . . ^ . 

- ' , - Example 16 - * - . - - -^^ 
(R)-2-fTrans-(4-aminocvclohexvnamino1-6-rf«-methvlbenzvl)aminol-9-cvclopentvlpurine 

dihvdrochloride ^y: 
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Scheme A. step b: 2-Chloro-6-fra-methvlben2vnamino1-9-cvclopentvlpurine 

~2-Ghloro-6-[(a-methylbenzyl)amino]-9-GyGlGpentylpurm^ 

cyclopentylpurine. (R)-a-methylbenzylamine, and triethylamine essentially as described above 
"in Example 1, Scheme A, step b. 
5 Scheme A, step c: 2-rTrans-(4-aminocvclohexvnaniino1-6-[(a-methvlbenzvnaminoV9- . 
cyclopentylpurine dihvdrochloride 

2-[Trans-(4-aimnocyclohexyl)anaino]-6-[(a-methylbenzyl)aniino].-9-cyclopentylpurine ; 
' dihydrbchloride is prepared froni 2-cIilbro-6- [(a-methylbenzyl)anuno]-9-cyclopen ' 
essentially as described in Example 1, Scheme A, step c. 
10 CIMS (NH3) 420 (MHO; Rf {nun.) = 2.27 . ^ 

; - ' ' Example 17 ^ ' 

24Trans^(4-aniinocvclohexyl)aininQl-6-(2-thiophenemethylaniino)-9-cvclopentylpurine 
- dihydrochloride 
Scheme A. step b: 2-Chloro-6-r2-thiophenemethvlamino)-9-cvclopentylpurine 
15 2-Chlord-6-(2-thiophenemethylanuno)-9-cyclopentylpurine is prepared from 2,6-dichloro-9- 
cyclopentylpurine. 2-thiophenemethyiamine, and triethylamine essentially as described above 
in Example 1, Scheme A. step b. 

Scheme A, step c: 2-rrrans-f4-aminocvclohexvnamino1-6-(2-thiophenemethvlamino)-9- 
cvclopentvlpurine dihvdrochloride 
20 2-[Trans-(4-aniinocyclohexyl)aniino]-6-(2-thiophenemethylamin6)-9-cyclopentylpurine 

dihydrochloride is prepared from 2-chloro-6-(2-thiophenemethylamino)-9-cyclopentylpurine ■ 
essentially as described in Example 1, Scheme A, step c. 
CIMSCNH,) 412 (MH7;Rf(min.) = 3.43^: • • /v. . ■ 

Example 18 

25 2-rTrans-(4-aminocyclohexvl)amin6l-6"r(2-chlorobenzvl)amino1-9-cvclopentvlpurine 

dihvdrochloride 

Scheme A. step b: 2-ChlorO"6-r(2-chlorobenzvnaminol-9-cvclopentylpurine 

' 2-Chloro-6-[(2-chlorobenzyl)aniino]-9-cyclopentylpuHne is prepared from-2,6-dichloro-9- 
' cyclopentylpurine, 2-chlorobenzylamine, ,and triethylamine essentially as described above in 
30 Example 1, Scheme A, step b. - ^ ■ - 

Scheme A; step c: 2'fTrahs-(4-aminocvclohexvl)amino1-6-r(2-chlorobenzvl')amino1-9- 
cvclopentvlpurine dihvdrochloride > • ^ ■ - . - ; / . - 

. 2-[Trans-(4-anainocyclohexyl)amino]-6-[(2-chlorobenzyl)aniino]-9-cyclopentylpurine ■ 
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dihydrochloride is prepared from 2-chloro-6-[(2-chloroben2yl)amino]-9-cyclopentylpurine • 
essentially as described in-Example l,^Scheme A, step c. . / . • 
CIMS (NH3) 440 (MH*);Rf(inin.) = 2.28: . - 

Example 19 

5 2-rTrans-(4-aniinocvclohexvnaminol-6-r(2-benzirrddazolvnmethvlarninol-9-cvclopcnt^ 

dihydrochloride 

Scheme A, step b: 2-Chloro-6-r(2-benzimidazolvnmethvlamino1-9-cvclopentvlpurine 
2-Chloro-6-[(2-benzimida2olyl)methylamino]-9-cyclopentyIpurine is prepared from 2»6- - 
dichloro-9-cyclopentylpurine, 2-(methylamino)benzimidazole;and triethylamine essentially as 
10 described above in Example 1, Scheme A, step b. 

Scheme A, step c: 2-ITrans-<'4-aminocvclohexynamino1-6-[(2-benzimidazolvnmethvlamino1- 
9-cvclopentylpurine dihydrochloride 

2-[Trans-(4-aniinocyclohexyl)anaino]-6-[(2-benziniidazolyl)methylarnino]-9-cyclopentylpurine 
dihydrochloride is prepared from 2-chioro-6-[(2-benzimidazolyl)methylamino]-9- 
15 cyclopentyipurine essentially as described in Example U Scheme A, step c. 
CIMS (NH3) 372 (MH7, Rf (min.) = 3.4 

Example 20 

2-fTrans-(4-aminocvclohexvl)amino1-6-(octvlamino)-9-cvc[opentvlpurine dihydrochloride 
Scheme A. step b: 2-Chloro-6-foctvlamino)-9-cyclopentvlpurine 
20 2-Chloro-6-(octylamino)-9-cyclopentylpurine is prepared from 2,6-dichloro-9- ■ " 

cyclopentylpurine, n-octylamine, and triethylamine essentially as described above in Example . 
1, Scheme A, step b. 

Scheme A, step c: 2-fTrans-(4-armnocvclohexynarTiinol-6-('octvlamino)-9-cvclopentvlpurine 
dihydrochloride 

25 2-[Trans-(4-aminocyclohexyl)amino]-6-(octylaniino)-9-cyclopentyipurine dihydrochloride is- 
prepared from 2-chIoro-6-(octyiamino)-9-cyclopentylpurine essentially as described in 
Example 1, Scheme A, step c. " ' - . • . ' ' . 

CMS (NH3) 428 (MHn;Rf(niin.) = 4.23 ' - . . . 

' Example 21 * 

30 2-[Trans-f4-aminocvclohexynaminol-6-f4-phenvlbutvlaminoV9-cyclopentylpurine ^" 

- . • : ■ dihydrochloride . ■ ' - . : • ^ 
Scheme A, step b: 2-ChlQro-6-(4-phenvlbutvlamino)-9-cvclopentvIpurine ^ '"^ > • 
2-Chioro-6-(4-phenylbutyiamino)-9-cyciopentylpurine is prepared from 2,6-dichloro-9- ' • - 
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cyclopentylpurine, 4-phenylbutylaniine, and triethylamine essentially as described above in 

— Example- IvScheme^ step b; — — — — — 

Scheme A. step c: 2-rTrans-r4-aminocvclohexvnam ino1-6-r4-Dhenvlbutvlamino)-9- 

cvclopentvlpurine dihvdrochloride 
5 24Trans-(4-aniinocyclohexyl)anuno]-6-(4-phenylbutylainino)-9-cyclopentylpurine 

dihydrochloride is prepared from 2-chloro-6-(4-phenylbutylamino)-9-cyclopentylpurine 
essentially as described in Example I, Scheme A, step c. 
CIMS (NH3) 448 (MH"); Rf (nain.) = 4.09 

Example 22 

10 2-rTrans-r4-aminocvclohexvnaminol-6-rrcvclohexvnmethvl amino1-9-cvclopentvlpurine 

dihvdrochloride 

Scheme A. step b: 2-Chloro-6-r(cvclohexvnmethv lamino1-9-cvcloDentvlpurine 

2-Chloro-6- [(cyclohexyl)methylaniino] -9-cyclopentylpurine is prepared from 2,6-dichloro-.9- 

cyclopentylpurine, aminomethylcyclohexane, and triethylamine essentially as described above 

15 in Example 1, Scheme A, step b. 

Scheme A, step c: 2-rTrans-(4-aminocvclohexvl)aminol-6-r(cv clQhexvnmethvlaminoV9- 

cvclopentvlpurine dihvdrochloride 

.2-[TransK4-aminocyclohexyl)aniino]-6-[(cyclohexyl)methylaniino]-9-cyclopentylpurine 
dihydrochloride is prepared from 2-chloro-6-[(cyclohexyl)methylamino]-9-cyclopentylpurine 
20 essentially as described in Example 1, Scheme A, step c. 

CMS (NH3) 412 (MH^);Rf(min.) = 2,33 ■ - 

Example 23 

2-rTrans-(4-aminocvclohexvnamino1-6-rG-(3-meth vl-4-hvdroxv>butvnaminol-9- 
cvclopentvlpurine dihvdrochloride 
25 Scheme A. steo b: 2-ChlorQ-6-rr3-(3-m&thvl-4-hvdroxv)butvnam ino1-9-cvc[opentvlpurine 
2-Chloro-6-[(3-(3-methyl-4-hydroxy)butyl)amino]-9-cyclopentylpurine is prepared from 2,6- 
„dichloroT9-cyclopentylpurine,>(2rhydrm 
described above in Example 1, Scheme A, step b. 

Scheme A, step c: 2-rTrans-f4-aminocvclohexv naminoV6-r(3-r3-methvl-4- 
30 hvdroxv^butvnamino1-9- cyclopentvlpurine dihvdrochloride ■ - 

2-[Trans-(4-aminocyclohexyl)amino]-6-[(3-(3-methyl-4-hydroxy)butyl)ainino]-9- 
cyclopcntylpurine dihydrochloride is prepared-from 2-chloro-6-[(3-(3-methyl-4- 
hydroxy)butyl)amino]-9-cyclopentylpurine essentially as described in Example 1, Scheme A, 
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step c. • , . 

CIMS (NH3) 404 (MHO; Rf (min.) = 3.15 

' Example 24 - 

24Trans-r4-aminocvclohexvl^amino1-6-r3-fphenvnpropviaminol-9<vclopentvlpurinc 

5 . ' dihvdrochloride 

Scheme A. step b: 2-Chloro-6-f3-(phenvnDropvlamino1-9-cvclopentvlpurine 
2-Chloro-6-[3-(phenyl)propylamino]-9-cyclopentylpurine is prepared from 2,6-dichloro-9- . , 
cyclopentylpurine, 3-aminopropylbenzene, and triethylamine essentially as described above in 
Example 1 , Scheme A, step b. 

10 Scheme A. step c: 2-rTrans-(4-aminocvclohexvnamino1-6-f3-(phenvnpropvlaminol-9- 
cvclopentvlpurine dihvdrochloride 

2-[Trans-(4-anunocyclohexyl)aniino]-6-[3-(phenyl)propylaniino]-9-cyclopentylpurine 
dihydrochloride is prepared from 2-chloro-6-[3-(phenyi)propylaniino]-9-cyclopentylpurine. / . 
essentially as described in Example 1 , Scheme A, step c. , 
15 CIMS (NH3) 434 (MH*);.Rf (min.) = 0.49 

Example 25 

2-rTrans-(4-aminocvclohexvnaminol-6-r5-(hvdroxv)pentvlaminQl-9-cvclopentvlpurine . . . 
. ' dihvdrochloride - 

Scheme A. step b: 2-Chioro-6-f5-(hvdroxv)pentvlamino1-9-cvclopentvlpurine ... 
20 2-Chloro-6-[5-(hydroxy)pentylaniino]-9-cyclopentylpurine is prepared from 2,6-dichloro-9- 
cyclopentylpurine, 5-hydroxypentylaniine, and triethylamine essentially as described above in 
Example I, Scheme A, step b. 

Scheme A. step c: 2-fTrans-(4-aniinocvclohexvnaminol-6-f5-(hvdroxv)pentvlamino1-9- 
cvclopentvlpurine dihvdrochloride . 

25 24Trans-(4-aniinocyclohexyi)aniino]-6-[5-(hydroxy)pentylaniino]-9-cyclopentylpurine - . 
dihydrochloride, is prepared from 2-chloro-6-[5-(hydroxy)pentylamino]-9-cyclopentylpurine 

essentially as described in Example 1, Scheme A, step c. 

CIMS (NH3) 402 (MHO; Rf (min.) = 3.25 • . . 

• - ■ Example 26 ■ . - 

30 2-fTrans-f4-aminocvclohexvnaminol-6-fpentvlamino)-9-cvclopentvlpurine dihvdrochloride , 
Scheme A. step b: 2-Chloro-6-fpentvlamino)-9-cvclopentvlpurine . . ^ . . , 

2-Chloro-6-(pentylamino)-9-cyclgpentylpurine is prepared from 2,6-dichloro-9- 
cyclopentylpurine, pentyiamine, and.triethylamine essentially as described above in Example U 
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Scheme A, step b. 

Scheme AT-step-c:-2-rTrans-(4^aminocvclohexvl)aminoU6^(pentvlarm _ 

dihvdrochloride 

2-[TransK4-aminocyclohexyl)amino]-6-(pentyiamino)-9-cyclopentylpurine dihydrochloride is . 
5 prepared from 2-chIoro-6-(pentylamino)-9-cyclopentylpurine essentially as described in 
Example i. Scheme A, step c. 
CIMS (NH3) 386 (MH"); Rf (min.) = 3.52^ 

Example 27 

2-rTrans-(4-aminocvclohexvnamino1-64(4-chlorobenzvnamino1-9-cvclopentvlpurine , 
10 dihvdrochloride 

Scheme A. step b: 2-Chloro-6-rf4-chlorobenzvnamino1-9-cvclopentvlpurine . 

2-Chloro-6-[(4-chlorobenzyl)aniino]-9-cyclopentylpurine is prepared from 2,6-dichloro-9- 

cyclopentylpurine, 4-chlorofaenzylamine, and triethylamine essenually as described above in 

Example 1, Scheme A, step b. 
15 Scheme A. step c: 2-rTrans-(4-aminocvclohexv[^amino1-6-[(4-chlorobenzvnamino1-9- 

cvclopentvlpurine dihvdrochloride 

2-[Trans-(4-aminocyclohexyl)amino]-6-[(4-chlorobenzyl)amino]-9-cyclopentylpurine 
dihydrochloride is prepared from 2-chloro-6-[(4-chlorobenzyl)aniino]-9-cyclopentylpurine 
essentially as described in Example 1, Scheme A, step c. 
20 CIMS (NH3) 440 (MH^); Rf (min.) = 2.29 

Example 28 

2-rTrans-f4-aminocvclohexvl)amino1-6-(methvlaminoV9-cvclopentvlpurine dihvdrochloride 
Scheme A, step b: 2-Chloro-6-(methvlaminoV9-cvclopentvlpurine _ 
2-Chloro-6-(methylanuno)-9-cyclopentylpurine is prepared from 2,6-dichloro-9- 

25 cyclopentylpurine, methylamine hydrochloride, and triethylamine essentially as described 
above in Example 1, Scheme A, step b. 

Scheme A. step c: 2-rTrans-r4-an[iinocvciohexv])amino1-6-fmethvlaniino)-9-^ 

dihvdrochloride 

2-[Trans-(4-aminocyclohexyl)amino]-6-(methylamino)-9-cyclopentylpurine dihydrochloride is 
30 prepared from 2-chloro-6-(methylamino)-9-cyciopentylpurine essentially as described in 
Example I, Scheme A, step c. 
CIMS (NH3) 330 (MH"); Rf(min.) = 3.15 . ■ 

' • • . Example 29 . - . * ; . - - - ^ * 
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2-rTrans-(4-aminocvclohexvnaminoV6-rf3-chlorobenzvnamino1-9-cvclQpentvlpuri 
.. .. dihvdrochloride - , . 

Scheme A. step b: 2-Chloro-6-f(3-chlorobenzvnamino]-9-cvclopentvipurine 
2-Chloro-6-[(3-chloroberizyl)amino]-9-cyclopentylpurine is prepared from 2,6-dich 
5 cyclopentylpurine, B-chlorobenzylamine, and triethylamine essentially as described above in ^ 
Example 1 , Scheme A, step b. . ' 

Scheme A, step c: 2-fTrans-r4-aminocvclohexvllaniino1-6-rf3-chlorobenzvnaminQl-9- 
cvclopentvlpurine dihvdrochloride 

2-[Trans-(4-aniinocyclohexyl)amino]-6-[(3-chlorobenzyl)aniino]-9-cyclopentylpurine 
10 dihydrochloride is prepared from 2-chloro-6-[(3-chiorobenzyl)amino]-9-cyciopentylpurine ' 
essentially as described in Example i. Scheme A, step c. 

CIMS(NH3) 440 (MH*);Rf(min.) = 2.30 . ^ 

' • Example 30 ^ 

2-rTrans-(4-aminocvclohexvnaniino1-6-fr2-tetrahvdropvranvl)methvIamino1-9- , 
15 cvclopentvl purine dihvdrochloride 

Scheme A. step b: 2-Chloro-6-rr2-tetrahvdropvranvl)methvlamlno1-9'CVclopentvlpurine . 
2-Chloro-6-[(2-tetrahydropyranyl)methylaniino]-9-cyclopemyipurine is prepared from 2,6- , . 
dichloro-9-cyclopentylpurine, 2-aminomethyltetrahydropyran, and triethylamine essentially as 
described above in Example U Scheme A, step b. 

20 

Scheme A. step c: 2-rTrans-(4-aminocvclohexvnaminol-6'rf2- 

tetrahydropyranvnmethvlamino1-9-cvclopentylpurine dihvdrochloride , 
2-[Trans-(4-aminocyclohexyl)aniino]-6-[(2-tetrahydropyranyl)methylaniii)o]-9- 
cyclopentylpurine dihydrochloride is prepared from 2-chioro-6-[(2- 
25 tetrahydropyranyl)methylamino]-9-cyclopentyipurine essentially as described in Exaniple 1, • 
Scheme A, step c. 

CIMS(NH3)4l4.(MH^);Rf(niin.) = 3.39 : : ^ 

Example 31 , .: . , 

2-fTrans-(4-armnocvclohexvnamino1-6-rf4-pvridvn-2-ethvlaminol-9-cvclopentvlpurine 

30 . . ; dihvdrochloride — . - . - . . - 

Scheme A, step b: 2-Chloro-6-rr4-Pvridvn-2-ethviaminol-9-cvclopentvlpurine / 
2-Chloro-6-[(4-pyridyl)-2-ethyiamino]-9-cyclopentylpurine is prepared from 2,6-dichloro-9.-. 
cyclopentyipurine, 4-(ethylamino)pyridinc, and triethylamine essentially as described above in 
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Example 1, Scheme A, step b. 

Scheme-A.-step c:-2-f-Trans-(4-aminocvclohexvl)amino]-6-r(^4-pvFidvlV 

cvctopentvlpurine dihvdrochloride 

2-[Trans-(4-aminocyclohexyl)amino]-6-[(4-pyridyl)-2:ethyiamino]-9-cyclopeniylpu^ 
5 dihydrochloride is prepared from 2-chJoro-6-[(4-pyridyl)-2-ethyIamino]-9-cyclopentylpurine 
essentially as described in Example 1 , Scheme A, step c. 
CIMS (NH3) 421 (MH*); Rf(min.) 3.13 

Example 32 

2-fTrans-(4-ariiinocvclohexvnamino1-6-f(cvclopropvnmethvlamdno1-9-(2-Dropvnpurine 

10 dihvdrochloride 

Scheme A. step b: 2-Chloro-6'f(cvclopropvnmethvlamino1-9-f2-propvnpurine 
2-Chloro-6-[(cyclopropyl)methylamino]-9-(2-propyl)purine is prepared from 2,6-dichloro-9-(2- 
propyOpurine (See Example 1 5 for preparation), cyclopropyimethylamine, and triethylamine 
essentially as described above in Example 1, Scheme A, step b. 

15 Scheme A. step c: 2-fTrans-r4-aminocvclohexvl)amino1-6-ffcvcloDropvnmethvlamino1-9-f2- 
propvDpurine dihvdrochloride 

2-[Trans-(4-aniinocyclohexyl)aniino]-6-[(cyclopropyl)methylaniino]-9-(2-propyl)purine 
dihydrochloride is prepared from 2-chloro-6-[(cyclopropyl)methylaniino]-9-(2-propyl)purine 
essentially as described in Example 1, Scheme A, step c, 
20 CMS (NH3) 344 (MH");Rf(min.) = 3.25 

Example 33 

2-rTrans-f4-aminocvclohexvnamino1-6-(ethvlaminoV9-cvclopentvlpurine dihvdrochloride 

Scheme A. step b: 2-Chloro-6-(ethvlaminoV9-cvclopentvlpurine 

2-Chloro-6-(ethylamino)-9-cyclopentyIpurine is prepared from 2,6-dichloro-9- 
25 cyclopentylpurine, ethylamine hydrochloride, and triethylamine essentially as described above 

in Example 1, Scheme A, step b. 
„ Scheme A. step c: 2-fTrans-(4-anunocvclohexvl)aminol-6-(ethvlanndnoV9-cvclopentvlpurine . 

dihvdrochloride 

2-[Trans-(4-aminocyclohexyl)amino]-6-(ethylamino)-9-cyclopentyipurine dihydrochloride is 
30 prepared from 2-chIoro-6-(ethylamino)-9-cyclopentylpurine essentially as described in 

Example 1, Scheme A, step c. 

CIMS (NH3) 472 (MH^); (min.) = 3.46 . 
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Example 34 

24Trans-(4-aminocvclohexvl)arnino1-6-[(cvclopropvltoethvlamino1-9<vclopentvipurine 

dihvdrochloride 

Scheme A. step b: 2-ChlQro-6-f(cvclooroDvnmethvlamino1-9-cvclopentvlpurine . 
5 2-Chloro-6-[(cyciopropyl)methylamino]-9-cyclopentylpurine is prepared from 2,6rdichloro-9- . 
cyclopenlylpurine, aminomethylcyclopropane, and triethylamine essentially as described above 
in Example 1, Scheme A, step b. 

Scheme A. step c: 2-fTrans-(4-aminocvciohexvnamino1-6-r(cvclopropvl)methvlamino1-9- 
cvclopentvlpurine dihvdrochloride 
10 2-[Trans-(4-aminocyclohexyl)amino]-6-[(cyciopropyl)methylamino]-9-cyclopentylpurine 

dihydrochloride is prepared from 2-chloro-6-[(cyclopropyl)methylainino]-9-cyclopentylpurine 
essentially as described in Example 1, Scheme A, step c. 
CIMS (NH3) 370 (MH^); Rf(min.) = 2.21 

Example 35 

15 2-[Trans-(4-aminocvclohexvl)aminQl-6-f2-pbenethvlhvdra2ino1-9'Cyclopentvlpurine 

dihvdrochloride 

Scheme A. step b: 2"Chloro-6-f2-phenethvlhvdrazinol-9-cvclQpentvlpurine . 
2-Ch]oro-6-[2-phenethylhydra2ino]-9-cyclopentylpurine is prepared from 2,6-dichloro-9- . 
cyclopentylpurine, 2-phenylethylhydrazine. and triethylamine essentially as described above in 
20 Example 1, Scheme A, step b. 

Scheme A, step c: 2-l"Trans-(4"aminocvclohexvl )aminol-6-f2-phenethvlhvdrazino]-9- 
cvclopcntvlpurine dihvdrochloride 

2-[Trans<4-aniinocyclohexyl)aniino]-6-[2-phenethylhydrazino]-9-cyclopentyl^ 
dihydrochloride is prepared from 2-chloro-6-[2-phenethyIhydra2ino]-9-cyclopentylpurine 

25 essentially as described in Example I, Scheme A, step c. 

CMS (NH3) 435 (MH"); (min.) = 3.54 

... Example 36 

2-[Trans-(4-aniinocvclohexvnaniinol-6-[G-methvlbutvnaniino1-9-cvclopcntv]purine . 
, _ dihvdrochloride 
30 Scheme A. step b: 2-Chloro-6-rf3-methvlbutvi)amino1-9-cvclopeutvlpurine . 

2-Chloro-6-[(3-methylbutyl)amino]-9-cyclopentylpurine is prepared from 2,6-dichloro-9- 
cyclopentylpurine, 3-mcthyibutylamine, and triethylamine essentially as described above in 
Example 1, Scheme A, step b. 
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Scheme A, step c: 2-rTrans-(4-airLinocvclohexvl')aniinol-6-rf3-methvlbutvl)aniino1-9- 

- cvclopentvlpurine dihvdrochloride , 

2-[Trans-(4-armnocyclohexyl)amino]-6-[(3-methylbutyl)amino]-9-cyclopenty^ 
dihydrochloride is prepared from 2-chloro-6-[(3-methylbutyl)amino]-9-cyclopentylpurine 
essentially as described in Example 1, Scheme A; step c. 
CIMS (NH3) 386 (MH*); Rf (min.) = 3.53 

Example 37 

2-ITrans-(4-aniinocvclohexvnamino1-6-rrbutvl)arnino1-9-(2-propv dihydrochloride 
Scheme A', step b: 2-Chloro-6-r(butvnamino1-9-f2-propvl)purine 

2-Chlaro-6-[(butyl)amino]-9-(2-propyl)purine is prepared from 2,6-dichl6ro-9-(2-propyI)purine 
(see Example 15 for preparation), butylamine, and trie thy 1 amine essentially as described above 
in Example 1, Scheme A, step b. 

Scheme A. step c: 2-rTrans-f4-aminocvclohexvnamino1-6-r(T3utvnamino1-9-r2-propvnpurine 
dihydrochloride 

2-[Trans-(4-aminocyclohexy l)amino] -6-[(butyl)amino]-9-(2-propyl)purine dihydrochloride is 
prepared from 2-chloro-6-[(butyl)amino]-9-(2-propyl)purine essentially as described in 
Example 1, Scheme A, step c. 
CIMS (NH3) 346 (MH"); (min.) = 3.33 

Example 38 

2-rTrans-f4-aminocvclohexvnaminol-6-r2-furanmethvlaminoV9-cvclopentvlpurine 

dihydrochloride 

Scheme A. step b: 2-Chloro-6-(2-furanmethvlamino)-9-cvclopcntvlpurine 
2-Chloro-6-(2-furanmethylamino)-9-cyclopentylpurine is prepared from 2,6-dichloro-9- 
cyclopentylpurine, furfurylamine, and triethylamine essentially as described above in Example 
1, Scheme A, step b. 

Scheme A^step c:_2^^ 

cvclopentvlpurine dihydrochloride 

2-[Trans-(4-aniinocyclohexyI)aniino]-6-(2-furanmethylanuno)-9-cyciopentylpurine 
dihydrochloride is prepared from 2-chloro-6-(2-furanmethylaniino)-9-cyclopentylpurine 
essentially as described in Example 1, Scheme A, step c. 
CLMS (NH3) 396 (MH*); (min.) = 3.38 
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■ Example 39 ' - 
24Trans44-aminocvclohexvnamino1-6-f(3-r24rnidazovl)propvi)aniinol-9-r2-propvn^^ 

trihydrochloride ' 

Scheme A. step b: 2-ChIdro-6-[(3-f2-iniidazovnpropvl)amino1-9-f2-propvnpurine • : • 
5 2-Chloro-6-[(3-(2-imidazoyl)propyl)amino]-9-(2-propyl)purine is prepared from 2,6-dichloro- 

9-(2-propyi)purine (see Example 19 for preparation), 3-(2-imidazoiyl)propylamine; and ' 

triethylamine essentially as described above in Example 1, Scheme A, step b. 

Scheme A, step c: 2-fTrans-(4-aminocvclohexvnamino1-6-ff3-r2-imidazovnpropvnamino1-9- 

(2-propvnpurine trihydrochloride 
10 2-iTrans-(4-aniinocyclohexyl)amino]-6-[(3-(2-iniidazoyl)propyl)amino]-9-(2-propyl)purine 

trihydrochloride is prepared from' 2-chloro-6-[(3-(2-imidazoyl)prQpyl)amino]-9-(2- 

propyl)purine essentially as described in Example 1 , Scheme A, step c. 

CMS (NH3) 398 (MH*); Rf (min.) = 3.01 

Example 40 

15 2-fTrans-(4-aminQcvclohexvnamino]-6-f(4-chiQro-2-fluorobenzvl)aminol-9'Cvclopentvlpurine 

dihvdrochloride 

Scheme A, step b: 2-Chloro-6-f(4-chlbro-2-fluorobenzvnamino1-9"CVclopentvlpurine ' 
2-Chioro-6-[(4-chloro-2-fluorobenzyl)amino]-9-cyclopentylpurine is prepared from 2,6- 
dichloro-9-cyclopentylpurine, 4-chloro-2-fluorobenzylanndne, and triethylamine essentially as 
20 described above in Example U Scheme A, step b. 

Scheme A. step c: 2-rTrans-(4-aminocyclohexvl)aminol-6-f(4-chloro-2-fluorobenzvnamino1- 
9"Cvclopentylpurine dihvdrochloride 

2-[Trans-(4-anrunocyclohexyl)anuno]-6-[(4-chloro-2-fluorobenzyl)aniino}-9-cyclopentylpuri 
dihydrochloride is prepared from 2-chloro-6-[(4-chloro-2-fluorobenzyl)amino]-9- 
25 cyclopentylpurine essentially as described in Example 1, Scheme A, step c.' 

CMS (NH3) 458 (MH*);Rf(min.)=^ 2.31 ■ ' — • - . • 

Example 41 

2-fTrans-(4-aminocvclohexvl)amino1-6'rhexvlamiho)-9-cvclopentvipurine dihvdrochloride 
30 Scheme A, step b: 2-Chloro-6-fhexvlamino)-9-cvclopentvlpurine 

2-Chloro-6-(hexylamino)-9-cyclopentylpurine is prepared from 2,6-dichloro-9- ' * ' ■ 
cyclopentylpurine, n-hexylamine, and triethylamine essentially as described above in Example 
1, Scheme A, step b. 
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Scheme A. step c: 2-rTrans-(4-arninocvclohexvl)amino1-6-fhexvlaniino)-9-cvclopentvlpurine 

— — - dihvdrochloride — — \ , ■ ■ — ■ . ^ — — - — 

2-[Trans-(4-aininGcyclohexyl)amino]-6-(hexylarnino)-9-cyclopentylpu dihydrochloride is 
prepared from 2-chloro-6-(hexyljuTiino)-9<yclopentylpuri^ 
5 Example 1 , Scheme A, step c. 

CIMS (NH3) 400 (MH^); Rf (min.) == 4.03 

' Example 42 : 
2-rTrans-(4-amihocvclohexvnamino1-<5-rf2-fluorobenzvl)amino1-9-cvclopentvlpuri^ 

dihydrochloride 

10 . Scheme A, step b: 2-Chloro-6-rr2-fluorobenzvnamino1-9-cvclopentv[purine 

2-Chloro-6-[(2-fluorobenzyl)ainino]-9-cyc]opentylpurine is prepared from 2,6-dichloro-9- 
cyclopentylpurine, 2-fluoroben2ylaniine, and triethylamine essentially as described above in . 
Example 1, Scheme A, step b. > 
Scheme A, step c: 2-rTrans-(4-amjnocvclohexvnaniino1-64r2-fluorobenzvl)amino1-9- 
^5 cvclopentvlpurinc dihydrochloride 

2-[Trans-(4-anunocyclohexyl)amino]-6-[(2-fluorobenzyl)amino]-9-cyclopentylpurine 
dihydrochloride is prepared from 2-chIoro-6-[(2-fluorobenzyl)aniino]-9-cyclopentylpurine 
essentially as described in Example 1, Scheme A, step c. 
; .CIMS(NH3) 424 (MHO; Rf(inin.) = 2.22 . 
20 Example 43 , ; 

2-rTrans-r4-aminocyclohexvl)amino1-6-r2-fphenyl)ethyIamino1-9-cvclopentylpurine ... . 

dihydrochloride - . 

Scheme A; step b: 2-Chloro-6-r2-(phenyl)ethvlaniino1-9-cvclopentylpurine 
2-Chloro-6-[2-(phenyi)ethylaiTiino]-9-cyclopentylpurine is prepared from 2,6-dichloro-9- 
25 cyclopentylpurihe, 2-aminoethylbenzene, and triethylamine essentially as described above in 
Example 1 /Scheme A, step b. 

-- Scheme A,^stepxu2^FTrans^f4^aniinocvclohexvl)amino1^6r[2rCp ^ : 

cvclopentvlpurine dihydrochloride 

2-[Trans-(4-aniinocyclohexyl)amino]-6-[2-(phenyl)ethylamino]-9-cyclopentylpurine . 
30 .dihydrochloride is prepared from 2-chloro-6-[2-(phenyl)ethyl amino] -9-cyclopemylpurine 
essentially as described in Example I, Scheme A, step c. 
CIMS (NH3) 420 (MHO; Rf (min.) = 0.43 
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Example 44 

2-rTrans-f4-aminocvclohexvl)arnino1-6-fpropvlainino)-9-cvclopentvlpurine dihvdrochloride 
Scheme A. step b: 2-Chloro-6-(propvlarnino)-9-cvclopentvlpurine 
2-Chloro-6-(propylamino)-9-cyclopentylpurine is prepared from 2,6-dichloro-9- 
5 cyclopentylpurine, n-propylamdne, and triethylamine essentially as described above in Exarnple 
1, Scheme A» step b. 

Scheme A, step c: 2-rTrans-(4-amlnocvclohexvDaniino1-6-fpropvlaminoV9"Cvciopentvlpurine 
dihvdrochloride . . , . 

2-[Trans-(4-aminocyclohexyl)amino]-6-(propylamino)-9-cyclopentylpurine dihydrochloride is 
10 prepared from 2-chloro-6-(propylamino)-9-cyclopentylpurine essentially as described in 
Example 1, Scheme A, step c. 
CMS (NH3) 358 (MH^); Rf (min.) = 3.31 

Example 45 

2-fTrans-f4-aminocvclohcxv]^amino1-6-(bcnzvlamino)-9"(2-propvl)purine trihvdrochloride 
15 Scheme A, step b: 2-Chloro-6-(benzvlamino)-9-(2-propvl)purine 

2-Chloro-6-(ben2yiamino)-9-(2-propyl)purine is prepared from 2,6-dichloro-9-(2-propyl)purine 
(see Example 1 5 for preparation) , benzylamine, and triethylamine essentially as described , . , 
above in Example 1. Scheme A, step b. . 

Scheme A, step c: 2-fTrans-f4-aminocvclohexvl)an>ino1-6-(benzvlaminQ)-9-(2-propvl)purine 
20 dihvdrochloride 

2-|Trans-(4-aniinocyclohexyl)aniino]-6-(benzylaniino)-9--(2-propyl)purine dihydrochloride is 
prepared from 2-chloro-6-(ben2ylamino)-9-(2-propyl)purine essentially as described in 
Example 1. Scheme A, step c. ^ 
CIMS (NH3) 380(MH^); Rf (min.) = 3.34 

25 ^ Example 46 . 

2-fTrans-(4-arninocvclohexvnaniino1-6-r3-(l-imidazolvl)propylaniino1-9-cvclopentvlpurine • 

dihvdrochloride : • ' 

Scheme A, step b: 2-Chloro-6-f3-(l-imidazolvI)propvlamino1-9-cvclopentvlpurine / 
2-Chloro-6-[3-(l-imidazolyl)propylamino]-9-cyclopentylpurine is prepared from 2,6-dichloro- 

30 9-cyclopentylpurine, l-(3-aminopropyl)imidazole, and triethylainine essentially as described 
above in Example 1, Scheme A, step b. - ■ ' 

Scheme A. step c: 2-rTrans-(4-aminocvclohexvnaminQl-6-r3-n-imidazolvnDropvlamino1-9- 
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cvclopentvlpurine dihvdrochloride 

^ 2-[Trans-(4-aminocyclohexyl)aniino]-6-[3-(l -imidazolyl)prop ylamino ] :9-cydopentyl purine 

dihydrochloride is prepared from 2-chloro-6-[3-(l-imidazolyl)propylarnino]-9- 
cyclopentylpurine essentially as described in Example 1 , Scheme A, step 
5 CMS (NH3) 424 (MH^); Rf(min.) = 3.13 

Example 47 

2-rTrans-(4"aniinocvclohexvl)amino1-6-rbenzvlaniino1-9-cvclopentvlpurine dihvdrochloride 
Scheme A. step b: 2-Chloro-6-rbenzvlamino1-9-cvclopentvlpurine 
2-Chloro-6-[benzylamino]-9-cyclopentylpurine is prepared from 2,6-dichloro-9- 
10 cyclopentylpuririe, benzylamine, and triethylamine essentially as described above in Example 
1, Scheme A, step b. 

Scheme A, step c: 2-rTrans-f4-aminocvclohexvnamino1-6-rbenzvlaminol-9-cvclopentvlpurine 
dihvdrochloride 

2-[Trans-(4-arriinocyclohexyl)arhino]-6-[benzylaniino]-9-cyclopentylpurine dihydrochloride is 
15 prepared from 2-chloro-6-[benzylamino]-9-cyclopentylpurine essentially as described in 
Example 1, Scheme A, step c. 
CIMS (NH3) 406 (MH^); Rf(min.) = 2.23 

Example 48 

24Trans-(4-aminocvclohexvl)aminol-6-r(2,4-dichlorobenzvnarnino1-9-cvclopentvlpurine 
20 dihvdrochloride 

Scheme A/step b: 2-Chloro-6-fr2,4-dichlorobenzvl)amino1-9-cvclopentvlpurine 
2-Chloro-6-[(2,4-dichlorobenzyl)amino]-9-cyclopentylpurine is prepared from 2,6-dichIoro-9- 
cyclopentylpurine, 2,4-dichlorobenzylarriine, and triethylamine essentially as described above 
in Example 1, Scheme A, step b. 
25 Scheme A, step c: 2-rTrans-f4-aminocvclohexvl')amino1-6-rf2,4-dichlorobenzvl)amino1-9- 
cvclopentvlpurine dihvdrochloride 

- 2-[Trans-(4-aminocyclohexyl)anainG]-6-[(-2-,4-dichIorobenzyl)amino]-9-cycl^ 

dihydrochloride is prepared from 2-chloro-6-[(2,4-dichlorobenzyl)amino]-9-cyclopentylpurine 
essentially as described in Example 1 , Scheme A, step c. ' ' ' 
30 CIMS (NH3)474 (MH^); Rf (min.) = 234 

Example 49 

24Trans-f4-aniinocvclQhexvnannanoV6-f2,2.2-trifluor6ethvlamino1-9-cvclopentvlpurine 

dihvdrochloride 



WO 99/43676 PCT/US99/0345; 

51 

Scheme A, step b: 2-Chloro-6-r2,2,2-trifluoroethvlamino1-9-cvclopentvlPurinc 
2-Chloro-6-[2,2,2-trifluoroethyiamino]-9-cyclopentylpurine is prepared from 2,6-dichloro-9- 
cyclopentylpurine, 2,2,2-trifluoroethylamine hydrochloride, and triethylamine essentially as 
described above in Example 1 , Scheme A, step b. 
5 Scheme A. step c: 2-[Trans-(4-aminocvclohexvnamino]-6-r2>2.2-trifluoroethvlamlno1-9- 
cvclopentvlpurine dihvdrochloride 

2-[Trans-(4-aminocyclohexyl)amino]-6-[2,2,2-trifluoroethylamino]-9-cyclopentylpurine 
dihydrochloride is prepared from 2-chloro-6-[2,2.2-trifluoroethylaminol-9-cyclopentylpurine 
essentially as described in Example 1, Scheme A, step c, 
10 CIMSCNHj) 398 (MHO; Rf(min.) = 3.33 

Example 50 

2-fTrans-(4'arninocvclohcxvnamino1-6-r(4-fluorobcnzvnamino1-9-cvclopentylpurine , 

dihvdrochloride 

15 Scheme A, step b: 2-Chloro-6-rr4-fluorobenzvl)amino1-9-cvclopentvlpurine 

2-Chloro-6-[(4-fluoroben2yl)amino]-9-cyclopentylpurine is prepared from 2,6-dichloro-9- 
cyclopentyipurine, 4-fluorobenzylamine» and triethylamine essentially as described above in 
Example 1, Scheme A, step b. 

Scheme A, step c: 2-rTrans-(4-amjnocvclohexvnamino1-6-rr4-fluoroben2vl)aminol-9- 
20 cyclopentyipurine dihvdrochloride 

2-[Trans-(4-aniinocyclohexyl)amino]-6-[(4-fluorobenzyl)amino]-9-cyclopentylpurine ' 

dihydrochloride is prepared from 2-chloro-6-[(4-fluorobenzyl)amino]-9-cyclopentylpurine . 

essentially as described in Example 1, Scheme A, step c. - , , 

CIMS (NH3) 424 (MHO; Rf (min.) = 2.24 
25 Example 51 

2-rTrans-f4-aminocvclohexvnamino1-6-rf3-iodobenzvnamino1-9-(2-Dropyl)purine 
' . dihvdrochloride . . ^ ; 

Scheme A, step b: 2-Chloro-6-rf3-iodobenzvnaminol-9-(2-propynpurine 

2-Chloro-6-[(3-iodobenzyl)aniino]-9-(2-propyl)purine is prepared from 2,6-dichloro-9-(2- . 
30 propyOpurine (see Example 15 for preparation), 3-iodobenzylamine, and triethylaniine - • 

essentially as described above in Example U Scheme A, step b. 

Scheme A. step c: 2-[Trans-r4-aminocvcIohexvnamino1-6-f(3-iodobenzvnamino1-9-(2- - 
propyDpurine dihvdrochloride • , . * s -. 
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2-[Trans-(4-aminocyclohexyi)amino]-6-[(3-iodoben2yl)amino]-9-(2-propyl)puri^ 
dihydrochlorideis prepared from"2-chloro-6-[(3-iodoben2yr ~" 
essentially as described in Example 1, Scheme A, step c. ^ 
CIMS (NH3) 506 (MH^); Rf (min.) = 3.53 

Example 52 

2-rTrans-(4-aminocvclohexvl)armno1-6-r2.2.2-trifluoroethvlhvdrazino1-9-cvclopentvlpurine 

dihvdrochloride 

Scheme A. step b: 2-Chloro-6-f2.2.2-trifluoroethvlhvdrazino1'9-cvcioDentvlpurine 
2-Chloro-6-[2,2»2-trifluoroeihylhydrazino]-9-cyclopentylpurine is prepared from 2,6-dichloro 
9-cyclopentylpurine, 2,2,2-trifluoroethylhydrazine/and triethylamine essentially as described 
above in Example 1 , Scheme A, step b. 

Scheme A, step c: 2-rTrans-f4-aminocvclohexvi)aminol-6-f2.2.2'trifluoroethvlhvdrazinol-9- 
cvclopentvlpurine dihvdrochloride 

2-[Trans*(4-aminocyclohexyl)amino]-6-[2,2,2-trifluoroethylhydrazino]-9-cyclopentylpurine 
dihydrochloride is prepared from 2-chloro-6-[2,2,2-trifluoroethylhydrazino]-9- 
cyclopentylpurine essentially as described in Example 1, Scheme A, step c. 
CIMS (NH3) 413 (MH*); Rf (min.) = 3.28 

Example 53 

2-fTrans-(4-aniinocvclohexYnamino1-6-rf3-hvdroxvpropvnamino1-9-cvclopentvlpurine 

dihvdrochloride 

Scheme A. step b: 2-Chloro-6-fr3-hvdroxvpropvl)amino]-9'CvcIopentvIpurine 
2-Chloro-6-[(3-hydroxypropyl)amino]-9-cyciopentylpurine is prepared from 2,6-dichloro-9- 
cyclopentylpurine, 3-amino-l-propanol, and triethylamine essentially as. described above in 
Example 1» Scheme A, step b. 

Scheme A, stepc: 2-rTrans-(4-aminocvclohexvl)amino1-6-f(3-hvdroxvpropvl)amino1-9-- 

- cvclopentvlpurine-dihvdrochloride — - — „^ — — — . „ 

2-[Trans-(4-anunocyclohexyl)amino]-6-[(3-hydroxypropyl)aniino]-9-cyclopentylpurine 
dihydrochloride is prepared from 2-chloro-6-[(3-hydroxypropyl)amino]-9-cyclopentylpurine 
essentially as described in Example 1, Scheme A, step c, 
CIMS (NH3) 374 (iMH^; Rf (min.) = 3.17 - 

Example 54 

2-rTrans-f4-aminocvclohexvi)aminol-6-fr5-hvdroxv-1.5-dimethvlhcxvnamino1-9- 
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cvclopentvlpurine dihvdrochloride 
Scheme A. step b: 2-Chloro-6-rr5-hvdroxv-i.5-dimethvlhexvl)amino1-9-cvclopentvlpurine 
2-Chloro-6-[(5-hydroxy-l,5-dimethylhexyl)ainino]-9-cyclopentylpurine is prepared from 2,6- 
dichloro-9-cyclopeniylpurine,6-amino-2-methyl-2-heptanol hydrochloride, and triethylamine 
5 essentially as described above in Example 1, Scheme A, step b. 

Scheme A. step c: 2-rTrans-f4-aminocvclohexvnaminol-6-r(5-hvdroxv-1.5- . 
dimethvlhexvnaminol-9-cvclQocntvlDurine dihvdrochloride 
2-[Trans-(4-aminocyclohexyl)anuno] -6-[(5-hydroxy- 1 ,5-dimethylhexyl)amino]-9-. 
cyciopentylpurine dihydrochloride is prepared from 2-chloro-6-[(5-hydroxy- 1,5- 
10 dimethylhexyl)amino]-9-cyclopentylpurine essentially as described in Example I, Scheme A, • 
step c. . 

CIMS (NH3) 444 (MHO; Rf (min.) = 3.37 

Example 55 

2-rTrans-(4-aminocvclohexvnaminol-6-f(4-hvdroxvphenvnethvlaminol-9-cvclopentvlpurine ■ 
15 dihvdrochloride • .■ • • - 

Scheme A. stepb: 2-Chloro-6-f(4-hvdroxvphenvi)ethvlaminol-9-cvclopentvlpurine 
2-Chloro-6-[(4-hydroxyphenyl)ethylamino]-9-cyclopentylpurine is prepared from 2,6-dichloro- - 
9-cyclopentylpurine, tyramine hydrochloride, and triethylamine essentially as described above 
in Example 1, Scheme A, step b. 
20 Scheme A, step c: 2-rTrans-f4-aminocvclohexvl)aminQl-6-r(4-hvdroxvphenvnethvlaminol-9- 
cvclopentvlpurine dihvdrochloride 

2-[Trans-(4-aniinocyclohexyl)aniino]-6-[(4-hydroxyphehyl)ethylamiri6]-9-cycldpenty 
dihydrochloride is prepared from 2-chlojo-6-[(4-hydroxyphenyl)ethylamino]-9- - 
cyclopentylpurine essentially as described in Example 1, Scheme A, step c. 
25 CMS (NH3) 436 (MH^; Rf (min.) = 3.38 

Example 56 

2-rTrans-f4-aminocvclohexvl)aminol-6-[(8-aminooctvDamino1-9-cvclopentvlpurine 

• dihvdrochloride ' * . . ' "1 

Scheme A. step b:'2-Chloro-6-rr8-amjnQoctvnaminol-9-cvclopentvlpurine • 
30 2-Chloro-6-[(8-aminooctyl)amino]-9-cyclopentylpurine is- prepared from 2,6-dichl6ro-9- 
cyclopentylpurine,l,8-diaminooctane, and triethylamine essentially as described above in 
Example 1, Scheme A, step b. . 

Scheme A. step cV 2-fTrans-(4-aminocvclohexvl)armno1-6-rr8-aminooctvnamihol-9- . ' / ' 
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cvclopentvlpurine dihvdrochlorid e 
2-[Tfans-(4^^amnocyc 

dihydrochloride is prepared from 2-chloro-6-[(8-aminooctyl)amino]-9-cyclopentylpurine 
essentially as described in Example 1, Scheme A, step c. 
5 CIMS (NH3) 443 (MH"); Rf (min.) = 3.30 

The term "neoplastic disease state" as used herein refers to an abnormal state or 
condition characterized by uncontrolled proliferation. Neoplastic disease states include 
leukemias, ccurcinomas and adenocarcinomas, sarcomas, melanomas, and mixed types of 
neoplasms. 

10 Leukemias include, but are not limited to, acute lymphoblastic, chronic lymphocytic, 

acute myeloblastic and chronic myelocytic leukemias. 

Carcinomas and adenocarcinomas include, but are not limited to, those of the cervis, 
breast, prostate, esophagus, stomach, small intestines, colon, ovary and lungs. 

Sarcomas include, but are not Umited to, oesteromas, osteosarcoma, lipoma, ' 
15 lipsarcoma, hemangiomas and hemangiosarcoma. 

Melanomas include, but are not liniited to. amelanotic and melanotic melanomas. 
Mixed types of neoplasms include, but are not limited to, carcinosarcoma, lymphoid 
tissue type, folicuUar reticulum, cell sarcoma and Hodgkins Disease. 

The term "therapeutically effective amounf'of a compound of the formula (I) refers to 
20 an amount which is effective, upon single or multiple dose administration to the patient, in ^ 
controlling the growth of the neoplasm or metastases of the neoplasm or preventing apoptosis. 
A therapeutically effective amount of a compound of the formula will vary according to the 
age, weight, type of neoplasm to be treated, the combination of other antineoplastic agents, and 
other criteria well known to those skilled in the art using standard clinical and laboratory tests 
25 and procedures. A therapeutically effective amount of a compound of the formula will vary 
according to the type of cell susceptible to apoptosis, the location of the infarct, as well as the 

.age,-Aveight.and.otherxriteria welLknown.toJhose skilledin.the art.„_ ..^^ 

The term "controlling the growth" of the neoplasm refers to slowing, interrupting, 
arresting or stopping the growth of the neoplasm or metastates of the neoplasm. The term 
30 "controlling the growth" of the neoplasm also refers to killing the neoplasia or metastates of the 
neoplasia. ' . . . . 

An effective amount of a compound of the formula is that amount, which is effective, 
upon single or multiple dose administration to a patient in providing an. antineoplastic effect or 
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in preventing apoptosis. An "antineoplastic effect" refers to the slowing, interrupting, - 
preventing or destruction of fuither growth of neoplastic ceils. ■ 

An effective antineoplastic amount of a compound of the formula can be readily 
determined by an attending diagnostician, as one skilled in the art, by the use of known 

5 techniques and by observing results obtained under analogous circumstances. In determining * 
the effective amount, a number of factors are considered by the attending diagnostician, 
including but not limited to, the species of mammal; its size, age and general health; the 
specific disease involved; the degree of or involvement or the severity of the disease; the 
response of the individual patient; the particular compound of the formula administered; the 

10 mode of administration; the bioavailability characteristics of the preparation administered; the 
dose regimen selected; the use of concomitant medication; and other relevant circumstances. . 

A further embodiment of the present inventioninciudes a method for the prophylactic 
treatment of a patient at risk of developing a neoplastic disease state comprising administering 
a prophylactically effective antineoplastic amount of a compound of the formula. The term "a 

15 patient at risk of developing a neoplastic disease state" refers to a patient who, because of an 
identified genetic predisposition to neoplasms, had or currently have neoplasms, exposure of . 
carcinogenic agents, diet, age or has other risk factors associated with the development of ■ , 
neoplastic disease states. Preferred patients at risk of developing a neoplastic disease state ■ 
include patients who are positive for oncogenic viruses, are in remission from prior treatment 

20 of neoplasm(s), use tobacco products or have previously been exposed to carcinogens such as 
asbestos, or are positive for various neoplastic genetic markers. 

Oncogenic viruses are those viruses associated with cancers. For example, Rous . 
sarcoma of chickens, Shope rabbit papilloma, murine leukemia viruses are animal viruses 
recognized as having a role in development of various cancers. Human papillomavirus is . . 

25 associated with genital cancer. Molluscum contagiosum virus is associated with molluscum ^ 
contagiosum tumors. The JC virus, a human papovirus, is associated with disorders of . . ^ 
reticulendothelial system such as leukemia and lymphoma. Human retroviruses such as human 
T-cell lymphotropic viruses (HTLV) types 1 and ,2 are associated with some human leukemias 
and lymphomas.^ Human immunodeficiency viruses (HIV) types 1 and 2. are the causes, of . 

30 AIDS. Epstein-Barr virus has been associated with various malignancies, including ^ , 

nasopharyngeal carcinoma, African Burkitt's lymphoma and lymphomas in immunosuppressed 
organ transplant recipients.' ' . 

Genetic markers such as mutations, rearrangments and the like in BRCA I, bcl: 
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1/PRADl, cyclin Dl/CCNDl, pi 6, cdk4, especially an Arg24Cys mutation, pi 6*^'^'*'. Genetic 
mar lSrs~areliS^oc iffed witlTpredispositions^to Vaf iouslieopiasnis~^Fo^^ " 
the BRCA 1 gene are associated with a higher risk for breast and ovarian cancer. Other genetic 
markers include alterations in the MMSCl gene, which interracts with the MMCAl brain and 
prostate cancer gene, in the CtIP gene, which is linked to the BRACAl gene in breast and 
ovarian cancer, binds to the BRCAl gene and is linked to the El A oncogene pathway, and in 
the MKK3 gene, which is a cell cycle control gene that acts as a tumor supressor in lung cancer 
by activating apoptosis. Patients at risk of developing a neoplastic disease state also include 
patients who overexpress various cell cycle proteins, including cdk4, cyclins Bl and E. Patients 
at risk of developing a neoplastic disease state include those with elevated levels of tumor 
markers. Known tumor markers include prostate specific antigen (PSA) and plasma insulin- 
like growth factor- 1 (IGF-1), which are markers for prostate cancer. Nuclear matrix proteins 
(NMPs) are associated with the presence of cancer, particularly bladder and colon cancers. 

An effective amount of a compound of the formula is expected to vary from about 25 . 
nonograms per kilogram of body weight per day (ng/kg/day) to about 500 mg/kg/day. 
Preferred effective amounts of a compound of the formula is from about 1 ^ig/kg/day to about 
500 |ig/kg/day. A more preferred amount of a compound of the formula is from about 1 
|ig/kg/day to about 50 |ig/kg/day. 

A compound of the formula may be administered in any form or mode which makes the 
compound bioavailable in effective amounts. Compounds of the formula may be administered 
by oral or parental routes. Compounds of the formula may be administered orally, 
subcutaneously, intramuscularly, intravenously, transdermally, intranasally, rectally, ocularly 
and the like. Oral administration is preferred. One skilled in the art of preparing 
pharmacuetical formulations may readily determine appropriate forms of a compound of the 
formula by determining particular characteristics of the compound, the disease to be treated, 
the stage of the disease, response of other patients and other relevant circumstances. 

A^^compound of the formula may be combined with'canrlersrexcipients^or other — " 

compoiinds to prepare compositions of a compound of the formula. A composition of the 
formula comprise a compound of the formula in admixture or otherwise in association with one 
or more inert carriers; Compositions of the formula are useful, for example, as convenient 
means of making bulk shipments, or for storing, a compound of the formula. An inert carrier is 
a material which docs not degrade or otherwise covalently react with a compound of the 
formula. An inert carrier may be a solid, semi-solid or liquid material: Preferred carriers are 
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water, aqueous buffers, organic solvents and pharmaceutically acceptable carriers or excipients. 
Preferred aqueous buffers provide a buffering range at which a compound of the formula does 
not degrade. Preferred buffering ranges are. about pH 4 to about pH 9. Preferred organic 
solvents are acetoniirile, ethyl acetate, hexane. 
5 A pharmaceutical composition of a compound of the formula comprises a compound of 

the formula in admixture. or otherwise in association with one or more pharmaceutically 
acceptable carrier or excipient. A pharmaceutically acceptable carrier or excipient may be a 
solid, semi-solid or liquid material which can serve as a vehicle or naedium for the compound 
of the formula. Suitable pharmaceutically acceptable carriers or excipients are well-known to 

10 those skilled in the art. . . , 

A pharmaceutical composition of a compound of the formula may be adapted for. the 
route of administration. A preferred pharmaceutical composition of a compound of the formula 
is a tablet, troche, capsule, elixir, syrup, wafer, chewing gum, suppository, solution or , 
suspension if the route of administration is oral, parental or topical. 

15 A preferred oral pharmaceutical composition of a compound, of the formula comprises a 

compound of the formula with an inert diluent or with an edible carrier. Preferred forms of oral 
pharmaceutical compositions of a conipound of the formula are tablets, troches, capsules, . .. 
elixirs, syrups, wafers, chewing gum, solutions or suspensions. . ■ , , 

Preferred pharmaceutical compositions of a compound of the formula contain from 

20 about 4% to about 80% of the compound. Preferred pharmaceutical compositions contain an 
amount of the compound of the formula from about 50 rig to about 500 |ig; more preferred 
pharmaceutical composition contain an amount of the compound of the formula from about 1 
Hg to about 200 ^ig. 

A compound of the formula may be administered alone or in the form of a = " 
25 pharmaceutical composition in combination with pharmaceutically acceptable carriers or • ■ 
excipients. . • - . - : * . 

The following abbreviations are used herein: mg, milligram; pg, microgram; r|g, 
nanogram; TEA, triethlyamine; mmol, millimole; mL, milliliter; C, Celsius; hr, hour; TLC, • 
thin layer chromotography; CH^Q-j, methylene chloride; MeOH, methanol; EtOH, ethanol; N, 
30 Normal; HCl, hydrogen chloride; TFA, trifluoroacetic acid, DDE A, diisopropylethylamine; RT 
PCR, reverse transcription polymerase chain reaction; HEPES, 4-(2-hydoxyethyl)-l- 
piperazine ethanesulfonic acid); MgCU, Magnesium chloride; EGTA, ethylene glycol-bis(p- < 
aniinoethylether)-N,N,N\N'-tetracetic acid; EDTA, ethylenediaminetetraacetic acid; DTT, . 
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dithiothreitol; MOI, multiplicity of infection; NaF, Sodium flouride; BSA, bovine serum - 

IQbufiiinrp^o:^^ 

.-EXAMPLE^?. ■ 
Cyclin-dependent kinase 4 Assay ■ . ' ■ 
/ 5 The IC50 values for cdk-4 inhibition were by the following method: ■ ' 

Substrate : 

Glutathione S-transferase - retinoblastoma fusion protein (GST-Rb) (Kaelin;W. G., Jr./ 
'Cell 64: 5Xi-532/l991).was obtained frompr. William Kaelin^ GST.Rb was prepared by ' T . • 
transformation of E. co/i with the plasmid pGEX-Rb (379-928). The transformed bacteria were 

10 grown overnight to saturation, then diluted in YT broth and incubated at 37*^C for 2 h. The 
protein was induced by incubation with 0.1 mM isopropylthioglycoside for 3.h. Following 

' . sedimentation by centrifugation, the cells were lysed by sonication in STE buffer (0. 1 mM 
NaCI, 10 mM Tris, pH 8.0, 1 mM EDTA) containing 10 % sarkosyl. Particulate matter was 
removed by centrifugation and the lysate was incubated with glutathione-Sepharose at 4°C. The 

15 beads were washed with kinase buffer and then quantitation of Coomassie blue-stained proteins 
separatedby SDS-PAGE was performed using a protein standard of known concentration. 
Expression of CDK4/Cvclin Dl in Insect Cells : . ^ 

Human cyclin-dependent kinase 4 (cdk4) was cloned by RT PGR using degenerate 
primers based on the published amino acid sequence (Matsushime, H, et al.. Cell . 71: 323-334, 

20 1992). The cDNA for human cyclin Dl was cloned by RT PGR using genomic DNA from 

MCF-7 cells. The sequence was consistent with the published sequence (Xiong, Y., et al.. Cell , - - 
65: 691-699, 1991.), Both the cDNAs for cdk4 and cyclin Dl were cloned into pFastBac (Life 
Technologies) and recombinant Bacniid DNA containing the cDN As was produced by site- 
specific transposition using the Bac-to-Bac Baculovirus expression system purchased from Life 

25 Technologies (catalog # 10359-016). Bacmid DNA was used to transfect Sf9 insect cells to 
/ / produce recombinant virus. Following plaque purification of the virus, the viral preparations 

„ \vere amplified until high titer stocks were acheived. Optimum coexpression of the ■ ' • ■ . 

recombinant proteins was determined to be acheived with an MOI of 0.1 for both cdk4 and . - 
cyclin D 1 at72 h post infection; 

30 Lysates were prepared by lysis of Sf9 cells coinfected with cdk4 and cyclin Dl in 50 

rnM HEPES, pH 7.5, 10 niM MgCU, 1 niM DTT, 0. 1 mM phenylmethylsulfonyl fiuorid 
jig/ml aprotinin, and. 5 |ig/ml leupeptin using a PARR bomb under 500 p.s.i nitrogen pressure 
for 5 min at 4^C. Insoluble material was sedimented at 10,000 x g for 20 min at 4°C. Glycerol ^ 
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was added to the supernatant to 10 % and Stored at -80°C in aliquots. ■ / ' . . •/ ' 
Kinase Assay : • ^ „ - . • . 

Pre-wet Millipore Multiscreen 96- well filter plates (0,65 |im Durapore filters) with 200 
^1 kinase buffer (50 mMHEPES^pH 7.5, 10 niM MgCli; I mM EGTA). GST-Rb (0.5 p.g) 
5 bound to glutathione-Sepharose beads is added in 50 [il per well and the solution removed by 
application of vacuum. The assay contains 50 mM Hepes, pH 7.5. 10 mM MgClj, 1 mM 
EDTA, 1 mM DTT, 1 mM EGTA, lO naM |3-glycerophosphate. 0. 1 mM sodium orthovanadate, 
O.lmM NaF, 0.25 % BSA,'10 M-M ATP and 0,25 ^Ci of [y^Pl-ATP. Add 0.1 ^g cdk4/cyclin ' 
Dl (insect celMysate) to initiate assay. Incubate 30 min at 37**C. Terminate reaction by ' 
10 fdtration on Millipore Vacuum Manifold. Wash four times with TNEN (20 mM Tris, pH 8,0, 
100 mM Na CI, ImM EDTA, 0.5 % nonidet P-40). After drying the plates at room - 
temperature, the filter plates were placed in adapter plates (Packard) and 40 \\X of Microscint- 
O® (Packard) was added to each well. Top Seal A film was used to cover the plates before 
counting, in a Top Count Scintillation Counter. 
15 The results are provided in Table 1. 

EXAMPLE 58 
cdk-2 Inhibition Studies 
The IC50 values for CDK-2 inhibition were determined by the following method: 
Cyclin-Dependent Kinase 2 Assay 

20 Substrate : 

GST-Rb as described above for cdk4/cycHn D 1 
' Expression of CDK2/Cvclin E in Insect Cells : 

Recombinant baculoviruses for human cdk2 and cyclin E were obtained from Dr. David 
Morgan at UC, Berkeley (Desai, D. et al. Molec. Biol. Cell, 3:571-582, 1992). Optimum 
25 coexpression in insect cells was obtained at MOI's of 0.1 and 1,0 for cdk2 and cyclin E, 
respectively, at 72 h post infection. 
Kinase Assay: . 

Assay conditions for cdk2/cyclin E were identical to those for cdk4/cyclin Dl including 
the substrate. The concentration of recombinant cdk2/cyclin E in the assay was 0. 1 Jig per 100. 
30 |il assay. Incubation was for 30 niin at 30**C. . 
The results are. provided in Table l._. ,\ 
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Example 59 

— Cdk7/C>^lirrH7^ay"Pfdtocor~~™""-^ ~ " 

Substrate : ^ ^ * ' ^ 

Peptide substrate H2N-RRR(YSPTSPS)4-COOH based on sequence of CTD of RNA . , 

polymerase IL . . 

Expression of CDK7/Cvclin H in insect cells : . 

Human cdk7 was cloned by reverse transcription PGR. The sequence was consistent with that 
reported by Tassan, J. R, et al., J. Cell BioL 127: 467-478, 1994 arid Darbdn, J. M. et al: 
Oncogene , 9: 3127-3 138, 1994. The cDNA for cyclin H was also cloned by reverse 
transcription PGR and the sequence was consistent with that reported by Fisher & Morgan, 
Cell , 78: 713-724, 1994,Recombinant Bacmid DNA and viral stocks were prepared as . 
described above for cdk4 and cyclin Dl. Optimum coexpression was achieved at MOI's of 1 
and 2 for cdk7 and cyclin H, respectively at 48 h post infection. 
Kinase Assav : 

The assay measures the phosphorylation of a peptide substrate (based on the C-terminal 
domain of RNA polymerase 11) by cyclin-dependent kinase 7 which is activated by cyclin H. 
[y*^P]- phosphate is transferred from [f^Pl-ATP to the peptide substrate by the enzyme. The 
assay is run in 96-welI V-bottom plates, then following termination the reaction is u:ansferred 
to 96- well Millipore Multiscreen phosphocellulose filter plates. The peptide is retained on the 
phosphocellulose membrane after washing with a phosphoric acid solution. 
Method: ' 

Enzyme'assay is run in 96-weU V-bottom. plates in a total volume of 100 |il. . 
Assay contains 15 \iM ATP, 0.5 |iCi ['^^P]-ATP, 50 mM Hepes, pH 7.5, 10 mM MgCI^, 1 mM 
EDTA, 1 mM DTt, 10 mM p-glycerophosphate, O.lmM sodium orthovanadate, 0. 1 mM NaF, 
10 |iM peptide substrate. To initiate the assay, 0.125 ngcdk7 and cyclin H (insect cell iysate)^ 
is added. Incubation is for 5 min at 24°C. Reaction is terminated by addition of 40 |il cold 300 
niM phosphoric acid to each sample. Contents of V-bottom wells were then transferred to a 
Millipore 96-weU phosphocellulose filter plate. After sitting for 15 min at room temperature 
vacuum was apiplied to the filter plate and the wells were washed 4 x with 100 p.rof cold 75 ' 
mM phosphoric acid. After removal of the underdrain assembly, filters were dried completely, • 
placed in Multiscreen microplate adapters, and 40 yd of Micro-Scint O added to each well. 
Plates were covered with Top-Seal A film and counted for 1.5 nain using a Packard Top Count 



wo 99/43676 



PCT/US99/03451 . 



61 

Scintillation Counter. ' . 

The results are provided in Table I . - : v 

Example 60 

CDKl/cyclin.B.rP] SPA Assay Protocol ' • _ 

5 Substrate: 

The assay uses a biotinylated substrate peptide (biotin-PKTPKKAKKL) derived from the in 
virr<7 p34*''*''^ phosphorylation site of histone HI. 

Expression of Cdkl/Cvclin B 1 in insect cells : .~ ' . 

Human cdkl was cloned by reverse transcription PCR. The sequence was consistent. with that ^ 

10 reported by Lee, M, G. and Nurse, P. Nature , 327:31-33, 1987. The cDNA for cyclin H was 
also cloned by RT PCR and the sequence was consistent with that reported by Pines, J. and , 
Hunter, T., Cell; 58: 833-846, 1989. Recombinant Bacmid DNA and viral stocks were , - . 
prepared as described above for cdk4 and cyclin Dl. Optimum coexpression was achieved at> 
an MOI of 0. 1 for both cdkl and cyclin B 1 at.48 h post infection. 

15 Kinase Assay : • 

p3^cdc2 j-33pj i^j^ase enzyme assay kit was purchased from Amersham Life Science . ' 
(catalog # RPNQO 1 70) and the protocol was performed as a 96-well format assay as suggested , 
by the manufacturer. Each assay contained 50 mM Tris HCl. pH 8.0, iO mM MgCK, 0. ImM 
Na3V04 (sodium orthovanadate) 0.5 uM ATP, 0.2 [iCi "P-ATP, 2 DTT and 0.75 uM 

20 biotinylated peptide and 3 |ig cdkl/cyclin B insect cell lysate in a totai assay volume of 100 \il 
Incubation was for 30 min at 30°C. The reaction was terminated by addition of 200 uL of stop 
buffer (50 uM ATP, 5 mM EDTA, 0. 1 %(v/v) Triton X-100 in phosphate buffered " 
saline)ystreptavidin-coated SPA beads (2.5 mg/ml). The plate was left at room temperature \ 
overnight then covered with a Packard TopSeal and counted on a Packard TopCount. The ICjq 

25 value was determined by fitting the data into a sigmodiai curve using GraphPad Prism 
software.. 

Example 61 
/n V/rm Tumor Inhibition 

In Vitro Proliferation Assay : 
30 The proliferation of tumor ceils was measured using a sulforhodamihe B assay as described in 
Skehan, P., et al., J. Natl. Cancer Inst. 82: 1 107-1 1 12, 1990. Tumor cells were harvested with ' 
trypsin-EDTA, cells that excluded trypan blue were counted, added to 96-well plates and 
incubated overnight at 37°C. Drug was added to the well's following dilution in culture 
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medium. Three days later, the medium was removed and replenished with medium containing, 

" " ffesHTdixigTnd incubated'-an^ 

trichloroacetic, acid for 60 min at 4^C. The plates were rinsed five times with tap water, air- 
dried and stained for 30 min with 0.4 % sulforhodamine B in 1 % acetic acid and air-dried. 

5 Bound dye was solubilized with 0. 1 ml 10 mM Tris (pH 10.5) for 5 min and the absorbance . 
measured at 490 nm using a Titertek Multiscan MCC/340 plate reader 

Alternatively, the CyQUANT cell proliferation assay was used to quantitate ceil : ' 
proUferation. ; : / / . / \ ' * 

• ' CvOUANT Cell Proliferation Assay: . ^ 

10 Alternatively, the CyQUANT cell proliferation assay was used to quantify tumor cell 

proliferation. Tumor cells were harvested with trypsin-EDTA, cells that excluded uypan blue 
were counted, added to 96-well plates and incubated overnight at 37 °C. Drug was added to the 
wells following dilution in culture medium. Three days later the medium was removed and the 
plates frozen at -80°C for at least 30 minutes. After thawing the plates, 200 a^L of CyQUANT- 

15 GR in Cell Lysis Buffer (Molecular Probes # C-7026). was added, to each well and incubated 3-/ 
5 minutes at room tenaperature. Fluorescence of CyQUANT-GR was measured on a Molecular- 
Devices Fmax fluorescence microplate reader (excitation 485 nm, emission 530 nm). 

Cell Lines : - 
MCF7 is a hunnian breast adenocarcinoma, hormone-dependent (HTB 22); 
20 MDA-MB-231 is a human breast adenocarcinoma, hormone-independent (HTB 26); 

HT-29 is a human colon adenocarcinoma, moderately well-differentiated grade E (HTB 38);. 
HCT-15 is a human colon adenocarcinoma (CCL 225); / ; 

A549 is a human non-small cell lung carcinoma (CCL 185); - 
PC-3 is a human prostate adenocarcinoma, hormone-independent (CRL 1435); and . 
25 DU 145 is a human prostate carcinoma, hormone-independent (HTB 81). 

AH of the cell lines were obtained from American Type Tissue Collection, with the ATCC 

™ — -accession-numbeFin-parentheticalsr — — — ^^^..^^ ^ — 

MCF-7. MDA-MB-435 and MDA-MB-231 cells were grown in improved minimum essential 
medium (Biofluids) without phenol red, supplemented with 5 % fetal bovine serum, 0.01 . 
30 mg/mi gentamicin and 3 mM L-glutamine. All of the other cell lines were grown in RPMI 1640 
. medium (Life Technologies) supplemented with 5 % fetal bovine serum, 0.01 mg/ml 
gentamicin and 3 mM L-glutamine. 

The results are provided in Table L - 
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1 In vitro Tumor Cell Proliferation (IC50, uM) 1 


1 Prostate 1 


DU145 


d 


5% vo 

d d 


op \o 

CO — ^ 


^- 


0 


OS 0 


* » 

d d 




?r OS 


u 
c 

3 


Q 


d d 


'* * 
^ m 

d d 




♦ * 


< 




* » 

CO 

d d 




♦ ♦ 

^ OS 


e 

"3 
U 


1 

0 in 


oi (N 


*o if. 

d<=> 


<s ri 


* «- 












X <^ 


— i (N 


» ♦ 

d d 


♦ ♦ 

vq 

<N cn 


» ♦ 

rr 
in — 


€9 
<U 


5 CQ VI 




» * 

00 00 . 
0 0 




* * 


2 S r. 


• ♦ 


• ♦ 

d d 


ro 














c 

Q £ 0 1 


00 

d 


<N 

d 




• a i ■ 

^ d 




0.014 
0.026 
0.006 


OS — 
0 — 
0 0 

d d 


5 !l 
■ be 


12 J5 
0 q 
do 


Structure 


<><. 

zx 

/ : 

5 


■'Ml-, 

■ i 


■X M 

zx 

7/ 

2 


I 

0 • 

Z — .' z 

r 

z— 

". . . 

■ ) * ^ 
r 


MDL 

Number 


X 

UJ 


0 

. n. 
S3:' 

X 


"a. 


■ , D. 

£ fO ' 

X 



SUBSHTUTE sheet (RULE 26) 



wo 99/43676 



PCT/US99/03451: 




SUBSTTTUTE SHEET (RULE 26) 



wo 99/43676 



PCT/US99/03451 




SUBSTITUTE SHEET (HULE 26) 



wo ?9/43i576 



PCTAJS99/03451. 



66 



* * 


♦ ■ ♦ 








<OSO 


q 00 


0 VO (N 


♦ ♦ 


♦ ♦ 


0,93 
1.3 


Ov <N 


♦ 


» * ■ 




(N ON 

t 




♦ ♦ ' 

00 VO 


<^ 


— q 




» * 










in — 
*n vd 


<N 0\ <N 

rvi cvi 


♦ ♦ 


♦ ♦ 

^ VO ^ . ; 




o> q ^ 
0 ^ 


♦ ♦ 

VO <ri 


♦ ♦ 






-» * 


* * ' 

fS CO , 


q q 


— 00 ■ 
—^0 






0 


00 


oo' 


.00 




P II 


— TJ- TT 

CTv "S" 

O o o ti 

0003 


0.069 
0-046 
(n - I; 


00 
0 


0 0 m tn *n 
(n 00 m <n VO 
q 0 0 0 00 
0 0 0 0 0 0 : 


zx 


i 








X 




Example 
52 


Example 
17 


Example 
47 


Example I 



SUBSTTTUTE SHEET (RULE 26) 



wo 99/43676 



PCT/US99/03451 



67 





* « 






♦ ♦ 

00 


♦ # 


* • 

00 00 

d d 


* * 

<N O 


* * 

vo rr 


* • 

vq so 


* *. 

00 » 

r- ^© 
d d 


« * 

O 00 


* * 


♦ 

o 


» ♦ 

d d 


• * 

t-^ vb 


♦ ♦ 

00 


* • 

so \q 


* * 

d d 


• » 










« « 


* • 

o n 


* * 

q q 


* » 

o — 

so 


* * 


* « 


yq NO 


* * 

vb 


-» «■ 

a\ q 


♦ 

r> 00 


♦ ♦ 

q q 


« ♦ 

(N vq 










d d 


o 

■ 2 

A 






0.060 
(n - I) 


0.080 
0.060 


»n 
oo 

O 

d 


Cv 
00 

o 
d 




\ ■\ 

"'>-( 

■ z 
£ 


y 

x 

, 0 

>. 

zr 

(J 

2* 


r 

zx 

z 

f 


Example 7 


Example 
31 


Example 
54 


Example 
55 



SUBSTTTUTE^SHEET (RULE 26). 



wo 99/43676 



PCT/US99/03451 



68 



n- * * 
T xt On 


TT-t^ 

O O 




^—^^r^^O" ■ 




*^ 




i 2 .c^ 


•» ♦ 

VO DO 

O O ■ 


0 m 


OS \6 


z * 


♦ #' 

o o 




— so 


* 


ir% IT) 

O d 




f*^ 0 


3 

) ; ' . 


♦ ♦ 

do 














» ♦ 

ro o 


♦ • , 

oo 

d d . 


0 00 . 

-IT ^ 


00 ^ ' 


♦ ♦ 

O <N 


* » 






♦ ♦ 

od vb 


CO ON 


rn 


— 00 






On 


On »ri 




o 






0.090 
(n = 1 ) 


o\ — « 

en ov ■ 
o o !1 


ON 
0 

d 


0.21 
0.096 


zx 

z 


'-{ 


\ 

X 


XSr< 


Example 
49 


■ . X 


_« 

P 0 

X 
Ui 


CI. 

X 

u 



SUBSTITUTE 5HEET (RUL£ 26) 



wo 99/43676 * 



PCT/US99/03451. 




SUBSTITUTE SHEET (RULE 26) 



wo 99/43676 



70 



PCT/US99/0345I 




SUBSTITUTE SHEET (HULE 26) 



wo 99/43676 



PCTAJS99/03451 




SUBSTITUTE SHEET {RULE 26)^ 



wo 99/43676' 



PGT/US99/03451 




SUBSTITUTE SHEET (HULE 26) 



wo 99/43676 



PCT/US99/03451 



74 



-» • 

\6 S£) 



ON VO 
ON <N 



o 



o ^ 

s o 



o 

s li 

o 3 




00 



ON VO 



o o 

ON ON 



9 ^ 



On 




go; 



J2 



o 



so " 



oo — 



o 
o 




c 



Hi 



o 




. a. 

CO 



SUBSTITUTE SHEET (RULE 2B) 



wo 99/43676 



PCT/US99/03451 




SUBSTITUtE SHEET (RULE 26) 



9> ' (»*) .^; 



WO 99/43676 PCT/US99/03451 

76 



5 
a 






PC3 






V) 

S 
Q 






A549 






O 
CM 

o 

a 






iCT-i5 






HT-29 I 






*n 












MCF-7 






O 




O 

o 
A* 




o 


o 




\ 
zx 

1 


/ — °V 

zx 




a. 

X 


o 

o. 

E 
« 



SUBSTITUTE SHEET (RULE 26) 



wo 99/4367^ PCTAJS99/03451 . ^ 

77 

Example 62 

In Vivo Assays 

Method for Subrenal Capsule Assay : 

Nude mice were housed in microisolator cages under positive air pressure. Surgical procedures 

5 and dosing were performed in a laminar flow cabinet. The subrenal capsule assay was 

performed as described in Bogden. A. E., Kelton, D. E., Cobb, W. R. and Esber, H. J. A rapid 
screening method for testing chemotherapeutic agents against human tumor xenografts. In: D. 
P. Houchehs and A. A. Ovejera (eds.), Proceedings of the Symposium on the Use of A thymic 
fNude) Mice in Cancer Research , pp 23 1-250. New York: Gustav Fischer New York, Inc. 

10 1978. Briefly, tumors of 400-500 mm-* obtained from maintenance mice were cut into 1 mm^ 
pieces and the sizes checked using an ocular micrometer and a dissecting microscope. After 
exteriorization of the kidney, tumor pieces were implanted under the capsule of the kidneys of 
male nude mice (6-8 weeks of age) using a 13 Ga urochar. After implantation, the longest and^ 
shortest diameters of the tumor piece were measured using the ocular micrometer and a 

15 dissecting microscope. The kidney was placed back into the body cavity and the body wall 
incision closed with silk sutures and the skin incision closed with wound clips. Drug treatment 
was begun on the day following implantation and continued for 12 days at which time the 
kidneys were again exteriorized and tumor size measured as described above. Tumor volume 
was calculated by the formula, V = length x widthV2 as described in Houchens, D. P., Ovejera, 

20 A. A., and Barker, A. D. The therapy of human tumors in athymic (nude) mice. In: D. P, 
Houchens and A. A. Ovejera (eds.). Proceedings of the Symposium on the Use of Athymic 
(Nude') Mice in Cancer Research , pp. 267-280. New York: Gustav Fischer New York, Inc., 
1978. The results arc provided in Table 2. ^ . . . 

25 



30 
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Table 2 

~ " Inhibition of PC-3 HuiMn^Pfostate^Tumbr Gr^^^ ■ 
• . (Experiment #1 Subrenal Capsule Assay) . 

5 '■ . . . ■ . ■ • ' '• 



Experiment # 1 




VA^o. mm- 
(mean ± s.e.m.) 


%T/C • ■ 


No treatment 




4.4±0.8" 


100 


Example 1 


1 mg/kg i.p. daily 


4.8 ± 3. r 


109 


3 mg/kg.i.p. daily 


2.0 ± 1.0' 


,44 



' VA^g = volume on day 0 / volume on day 12 

''•% T/C = (mean volume treated animals on day 12/mean volume control animals on day 12) x 
100 
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CLAIMS 

What is claimed is: 

1. A compound of the formula 

NHR 

N- 



I 

R1 

10 wherein R is selected from the group consisting of R2, R2NH-, or H,N-R3-, 
where R2 is selected from the group consisting of C,-Cj alkyl and 

R4 

I 

— (C)n— Z 
R4 



Z is selected from the group consisting of phenyl, heterocycle and cycloalkyl, 

each R4 is independently hydrogen or C1-C4 alkyl, and n is an integer 1-8; 
20 wherein each Cj-Cg alkyl and Z is optionally substituted with 1 to 3 substituents, which may be 
the same or different, selected from the group consisting of Hal, OH, and CJ-C4 alkyl; 
R3 is Ci-Cg alkylene; and 

Rl is selected from the group consisting of cyclopentyl and isopropyl, 

and the pharmaceutically acceptable salts, optical isomers, and hydrates thereof. 

25 2. A compound according to claim 1 » wherein R is R2, where 

R2 is Cj-Cg alkyl, optionally substituted with 1 to 3 substituents, which may be the same or 

different, selected from the group consisting of Hal, OH, and C1-C4 alkyl; 

Rl is selected from the group consisting of cyclopentyl and isopropyl, 

and the pharmaceutically acceptable salts, optical isomers, and hydrates thereof. 

30 3. A compound according to claim 2, which is 2-[trans-(4- 

aminocyclohexyl)amino]-6-(butylamino)-9-cyclopentylpurine dihydrochloride, 2-[trans-(4- 
aminocyclohexyl)amino]-6-(octylamino)-9-cyclopentylpurine dihydrochloride, 2-[trans-(4- 
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aminocyclohexyl)amino]-6-[(3-(3"methyl-4-hydroxy)butyl)amino]-9-cy^ 

" ^'^rhySroci^^ ^ 
dimethylhexyl)amino]-9-cyclopentylpurine dihydrochloride, 2-^^^ 

aminocyclohexyl)ainino]-6-[5-(hydroxy)pehtylamino]-9-cyclopen^ty^ dihydrochloride, 2- 

5 [trans-(4-aiTunocyclohexyl)arnino]-6-[(3-hydroxypropyI)^ 

dihydrochloride, 2-[trans-(4-aminocyclohexyl)ainino]-6-(pentylaniino)-9-cyclopenty 
dihydrochloride, 2-[transK4-aniinocyclohexyl)arnino]-6-(rnethylamirio)-9-cyclopentylpurine 
dihydrochloride^24trans-(4-aminocyclohexyl)amino]-6-(ethylamino)-9-^ 
dihydrochloride, 2-[trans-(4-aminocyclohexyl)airdno]-6-[(3-methyibutyl)anu 

10 cyclopentylpurine dihydrochloride, 2-[trans-(4-aminocyclohexyl)amino]-6-[(butyl)arnino]-9-(2- 
propyl)purine dihydrochloride, 2-[trans-(4-aniinocyclohexyl)arnino]-6-(hexylarnino)-9- 
. : cyclopentylpurine dihydrochloride, 2-[trans-(4-aminocyclohexyl)amino]-6-(pro 
cyclopentylpurine dihydrochloride, or 2-[trans-(4-aminocyclohexyl)amino]-6-[2,2,2- 
trifluoroethylaniino]-9-cyclopentylpurine dihydrochloride. ' 

15 4. A compound according to claim 1, wherein R is R2, where R2 is 

R4 

■ , ■ ■ ■ ■ -I ■ ■ 

— (C)n— Z 

wherein Z is phenyl, optionally substituted with 1 to 3 substitueats, which may be the 
same or different, selected from the group consisting of Hal, OH, and C,-C4 alkyl; each 
25 R4 is independently hydrogen or C1-C4 alkyl, and n is an integer 1-8; 

Rl is selected from the group consisting of cyclopentyl and isopropyl, 

— — and the pharmaceutically acceptable saltsroptical isomersrand hydrates thereof.-- — 

5. A compound according to claim 4, which is (S)-2-[trans-(4- 
' aniinocyclohexyl)aniino]-6-[(a-naethylbenzyl)aniino]-9-cyclopentylpurine dihydrochloride, 2 . 
,30 * [trans-(4-aininocycl6hexyl)aniino]-6-(3-iodobenzylaniino)-9-cyclopentylpurine 

dihydrochloride, 2-[trahs-(4-aminocyclohexyl)amino]-6-[(3,4-dichlorobenzyl)amino]-9- 
cyclopentylpurine dihydrochloride,: 2-[trans-(4-aminocyclohexyl)aniinol-6-[^ - 
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methylbenzyl)aniino]-9-cyclopentylpurine dihydrochloride, 2-[irans-(4- . 
aminocyclohexyl)amino]-6-[(3-chloro)benzylamino]-9-(2-propyl)purine dihydrochloride, (R)- 
2-[trans-(4-aniinocyctohexyl)amino]-6-((a-meihylbenzyl)aminp]-9-cyclopenty^^ , 
dihydrochloride, 2-[transK4-arninocyclohexyl)aniino]-6-[(2-chlorobenzyl)amino]-9- 
5 cyclopentyipurine dihydrochloride, 2-[trans-(4-aminocyclohexyl)amino]-6-(4- 

phenylbutylamino)-9-cyclopentylpurine dihydrochloride, 2-[trans-(4-aminocyciohexyl)amino]- 
6-[3-(phenyl)propylarmno]-9-cyclopentylpurine dihydrochloride, 2--[trans-(4- 
anunocyclohexyl)arnino]-6-[(4-chlorobenzyl)amino]-9-cyclopentylpurine dihydrochloride, 2- 
[trans-(4-arTiinocyclohexyl)amino]-6-[(3-chlorobenzyl)amino]-9-cyclopentylpurine 

10 dihydrochloride, 2-[trans-(4-aminocyclohexyl)amino]-6-[(4-chloro-2-fluorobenzyl)amino]-9- 
cyclopentylpurine dihydrochlorid.e, 2-[trans-(4-aininocyclohexyI)amino]-6-[(2- , 
fluorobenzyl)amino]-9-cyclopentylpurine dihydrochloride, 2-[trans-(4- . . 

aniinocyclohexyl)amino]-6-[2-(phenyl)ethylaniino]-9-cyclopentylpurine dihydrochloride; .2- 
[Trans-(4-aminocyclohexyl)ainino]-6-[(4-hydroxyphenyl)ethylarnino]-9-cyclopentylpuri .^^ 

15 dihydrochloride, A compound according to claim 3 which is 2-[trans-(4- :i 
aniinocyclohexyl)aniino]-6-(benzyiamino)-9-(2-propyl)purine trihydrochloride, 2-[trans-(4- . 
aminocyclohexyi)amino]-6-[benzylamino]-9-cyclopentylpurine dihydrochloride, 2-[trans-(4- 
aniinocyclohexyl)amino]-6-[(2,4-dichlorobenzyl)amino]-9-cyclopentyipurine dihydrochloride, 
2-[trans-(4-aminocyclohexyl)aniino]-6-[(4-fluorobenzyl)aniino]-9-cyclopentylpurine 

20 dihydrochloride, or 2-[trans-(4-aminocyclohexyl)amino]-6-[(3-iodobenzyl)amino]-9-(2- 
propyl)purine dihydrochloride. 

6. A compound according to claim I, wherein R is R2, where R2 is 

25 — (C)n— Z. 

• I ■ , 
R4 

wherein Z is heterocycle, optionally substituted with 1 to 3 substituents, which may be the 
30 same or different, selected from the group consisting of Hal, OH, and €,-€4 alkyl; each R4 is 
independently hydrogen or Cj-C4alkyl, and n is an integer l-8v . 
Rl is selected from the group consisting of cyelopentyl and isopropyl, ^ 
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and the pharmaceutically acceptable salts, optical isomers, and hydrates thereof. 

7. A'mnpourfllicc^ ^ 
aminocyclohexyl)arnino]-6-[(3-indolyl)-2-ethylanunol-9-cyclopentyipurine dihydrochloride, 2- 
[trans-(4-aminocyclohexyl)arnino]-6-[2-(3,4-niethylenedioxyphenyl)ethylaniino]-9-^ 

5 cyclopentylpurine dihydrochloride, 2-[trans-(4-aniinocyclohexyl)anuno]-6-[(3-pyridyl)-2- 
ethylamino]-9-cyclopentylpurine dihydrochloride, 2-[trans-(4-aminocyclohexyl)amino]-6-[(4- 
pyridyl)methylamino]-9-cyclopentyIpurine dihydrochloride, 2-[trans-(4- 
aminocyclohexyl)aniino]-6-[3-(4-niorpholinyl)propylanfiino]-9-cyclopentylpuri^ 
trihydrochloride,24transK4-aniinocyclohexyl)aniino]-6-[2-(2-pyridyl)ethylaniino]-^^ 

10 cyclopentylpurine dihydrochloride, 2-[trans-(4-aniinocyclohexyl)aniino]-6-[2-{4- 
morpholinyl)ethylaniino]-9-cyclopentylpurine trihydrochloride, 2-[trans-(4- 
aminocyclohexyl)arriino]-6-(2-thiophenemethylaniino)-9-cyclopentylpurine dihydrochloride, 2- 
[trans-(4-aiiunocyclohexyl)aniino]-64(2-ben2iniida2olyl)methylainino]-9-cycl^^^ 
dihydrochloride, 24transK4-anainocyclohexyl)aniino]-6-[(2-tetrahydropyranyl)melhylanuno] 

15 cyclopentylpurine dihydrochloride, 2-[trans-(4-aniinocyclohexyl)aniino]-6-[(4-pyridyi)-2- 
ethylamino]-9-cyclopentylpurine dihydrochloride, 2-[trans-(4-aniinocyclohexyl)amino 
furanmethylamino)-9-cyciopentylpurine dihydrochloride, 24trans-(4-aniinocyclohexyl)anu 
6-[(3-(2-imida2oyl)propyl)amino]-9-(2-propyl)purine trihydrochloride, 2-[trans-(4- 
aininocyclohexyl)aniino]-6-[3-(l-iniidazolyl)propylaniino]-9-cyclopentylpurine 

20 dihydrochloride, or 24trans-(4-aniinocyclohexyl)amino]-6-[3-(2-iniidazoyl)propylaniino]-9- 
cyclopentylpurine dihydrochloride . 

8. A compound according to'claim 1, wherein R is R2, where R2 is 

R4 

25 (C)n Z 

" ^ ^ ■ . ^ R4 ^ . ^ „ ^, _____ 

wherein Z is cycloalkyi, optionally substituted with 1 to 3 substituents, which 
^ may be the same or different, selected from the group consisting of Hal, OH, 
30 and C1-C4 alkj'l; each R4 is independently hydrogen or C,-C4 alkyl, and n is an 

integer 1-8; 

R 1 is selected from the group consisting of cyclopentyl and isopropyl, 
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and the phamiaceutically acceptable salts, optical isomers, and hydrates thereof. 

9. A compound according to claim 8, which is 2-[trans-(4- 
aininocyclohexyl)aniino]-6-[(cyclohexyl)methylaniino]-9-cycIopentylpurine,dihydrochloride, 
2-[trans-(4-aniinocyclohexyl)aniino]-6-[(cyclopropyl)methylamino]-9-(2-propyi)purine 

5 dihydrochloride, or 2-[trans-(4-aniinocyclohexyl)aniino]-6-[(cyclopropyl)methylamino]-9- 
cyclopentylpurine dihydrochloride. 

10. A compound according to claim I, wherein R is R2NH-, where 

R2 is Ci-Cg alkyl, which is optionally substituted with I to 3 substituents, which may be the 
same or different and which are selected from the group consisting of Hal, OH, and C^-C^ 
10 aikyl; 

Rl is selected from the group consisting of cyclopentyl and isopropyi, 

and the pharmaceutically acceptable salts, optical isomers, and hydrates thereof. . 

11. A compound according to claim 10, which is 2-[trans-(4- 
aminocyclohexyl)amino]-6-[2,2,2-trifluoroethylhydra2ino]-9-cyclopentylpurine 

15 dihydrochloride, 2-[trans-(4-aminocycIohexyl)aniino]-6-[2-hydroxyethylhydrazino]-9- 
cyclopentylpurine dihydrochloride. 

12. A compound according to claim 1, wherein R is R2NH-, where R2 is • . 



20 



R4 
I 

•(C)n- 
I 

R4 



wherein Z is phenyl, optionally substituted with 1 to 3 substituents, which may be the 
25 same or different, selected from the group consisting of Hal, OH, and C,-C4 alkyl; each R4 is 
independently hydrogen or C1-C4 alkyl, and n is an integer 1-8; 
Rl is selected from the group consisting of cyclopentyl and isopropyi, 
and the pharmaceutically acceptable salts, optical isomers, and hydrates thereof. 

13. A compound according to claim 12, which is 2-[trans-(4- 

30 anunocyclohexyl)anaino]r6-[2-phenethylhydrazino]-9-cyciopehtylpurine dihydrochloride. 

14. A compound according to claina 1 , wherein R is R2NH-, where R2 is 
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— (C)n— 
R4 

wherein Z is heterocycle, optionally substituted with 1 to 3 substituents, which may be 
the same or different, selected from the group consisting of Hal, OH, and C1-C4 alkyi; each R4 
is independently hydrogen or C1-C4 alkyi, and n is an integer 1-8; 
RI is selected from the group consisting of cyclopentyl and isopropyl, 
and the pharmaceutically acceptable salts, optical isomers, and hydrates thereof 
15 A compound according to claim 1, wherein R is R2NH-, where R2 is 

R4 

I 

— (C)n Z 

I 

R4 

wherein Z is cycloalkyl, optionally substituted with 1 to 3 substituents, which may be the same 
or different, selected from the group consisting of Hal, OH, and Cj-Q alkyi; each R4 is 
independently hydrogen or C1-C4 alkyi, and n is an integer 1-8; 

Rl is selected from the group consisting of cyclopentyl and isopropyl, 
and the pharmaceutically acceptable salts, optical isomers, and hydrates thereof. 

16. A compound according to claim 15, wherein R is H2N-R3-, where R3 is Ci-Cg 
alkylene; and 

->■ 

Rl is selected from thie group consisting of cyclopentyl and isopropyl, 
and the pharmaceutically acceptable salts, optical isomers, and hydrates thereof. 

17. A compound according to claim 16, which is 2-[trans-(4- 

-aniinocyclohexyl)aniino]-64(4-aniinobutyl)amino]-9-eyclopentylpurin 

2-[trans-(4-aniinocyclohexyl)aniino]-6-[(8-aminooctyl)amino]-9-cyclopentylpurine 
dihydrochloride. 

18. A method of treating a hyperproliferatiye disorder in a patient by administration 
of a compound according to claim 1 . 

19. The method according to claim 18, wherein the hyperproliferative disorder is a 
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neoplastic disease state. 

20. The method according to claim 18, wherein the neoplastic disease state is 
selected from leukemia, carcinoma, adenocarcinoma, sarcoma, melanoma or a mixed type of 
neoplasm. 

5 21. The method according to 19, wherein the leukemia is selected from acute 

lympholastic leukemia, chronic leukemia, acute myeloblastic leukemia and chronic mylocytic 
leukemia. 

22. The method according to 19, wherein the carcinoma is selected from those of 
the cervis, breast, prostate, esophagus, stomach, small intestines, colon, ovary and lungs. 
10 23. The method according to 19, wherein the adenocarcinoma is selected from those 

of the ' - 

cervis, breast, prostate, esophagus, stomach, small intestines, colon, ovary and lungs. 

24. The method according to 19, wherein the sarcoma is selected from oesteroma, 
osteosarcoma, lipoma, lipsarcoma, hemangiomas and hemangiosarcoma. 
15 25. The method according to 19, wherein the melanoma is selected from 

amelanotic melanoma and melanotic melanoma. 

26. The method according to 19, wherein the mixed type of neoplasm is selected 
from carcinosarcoma, lymphoid tissue type, folicullar reticulum, cell sarcoma and Hodgkins 
Disease. 

20 27. The method according to claim 17, wherein the hyperproliferative disorder is a 

neoplastic disease state. 

28. . A method of preventing apoptosis in neuronal cells in a patient by 
administration of a compound according to claim 1 . 

29. The method according to claim 27, wherein the. apoptosis is induced by 
25 antineoplastic agents. 

30. The method according to claim.27, wherein the apoptosis is induced by 
cerebrovascular disease. 

3 1 . The method according to claim 27, wherein the apoptosis is induced by stroke 
or infarction. 

30 32. . A method of protecting method of protecting neuronal cells from apoptosis 

comprising administering a compound according to claim I. 

33. • ■ A method of protecting neuronal cells from damage induced by antineoplastic , 
agents, comprising administering a compound according to claim I. 



34. . A composition, comprising an assayable amount of a compound of claim 1 in ' 
aBiSiixajre or m ' ■■ ' ; - .^ — ^— 

35. ' A phamiaceutical composition comprising an effective cd 

of a compound of claim i in admixture or otherwise in association with one or more 
pharmaceutically acceptable carriers or excipients. . - . * ^ 



